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Long, Hard Wear STEERING GEARS 


MOSPHERES 


3 Controlled Atmospheres for Heat Treating 


Carburizing: Steering gear cams, the 
“heart” of the assembly, are carburized in 4 
‘Surface’ pit type radiant tube furnaces each with 
an enriched RX controlled atmosphere. Each fur- 
nace handles about 1500 Ibs. net. Minimum har- 
denable case depth of 0.040-in. 


Dry Cyaniding: Studs and balls subject 
to frictional wear and impact stress in final assem- 
bly are given optimum physical properties by a 
dry cyaniding treatment with a ‘Surface’ RX at- 
mosphere enriched with natural gas and ammonia. 
Studs are cyanided to case depth of 0.008-in. 
Balls are treated to case depth of 0.010-0.015- 
in. Heat treatments are accomplished in a con- 
tinuous articulated link belt furnace. 


Clean Hardening: lever shofts and 
steering arms are first isothermally annealed, then 
clean hardened in a ‘Surface’ rotary hearth fur- 
nace with radiant tubes and an RX controlled 
protective atmosphere. 


E ver hear of an auto accident due to 
steering gear going bad? Quite likely you never 
will, because right before your eyes is proof that 
steering mechanisms (other parts and products, 


Work flow in the plant producing this steering gear 
is arranged around 3 controlled atmosphere pro- 
cesses: carburizing, dry cyaniding, clean hardening. 


too) are made safe and dependable. 


All vital and moving parts of the steering as- 
sembly shown above undergo one or more 


‘Surface’ RX generators for making prepared 
atmospheres are employed successfully in 


controlled atmosphere heat treatments: car- 
burizing, cyaniding, clean hardening, where 
results are uniform and consistently within 
close tolerances. 

These controlled atmosphere heat treat- 
ments are carried out in radiant tube-fired 
furnaces of types best suited for handling the 
particular parts. The furnace types include pit, 
rotary hearth and continuous articulated link 


belt types. 
RX PREPARED ATMOSPHERES 


Atmospheres for these 3 distinctly different 
heat treat processes are prepared in 2 cen- 
trally located ‘Surface’ RX generators mani- 
folding the RX carrier gas for all atmosphere 
requirements. Saves money, saves space! 


SURFACE COMBUSTION CORPORATION - TOLEDO I, OHIO 


hundreds of plants for many processes: car- 
burizing, clean hardening, bright annealing, 
carbon restoration, homogeneous carburizing 
and dry cyaniding. 


‘Surface’ is a pioneer in prepared at- ° 
mosphere equipment, furnishing not 
only RX, but also DX, NX, HX, HNX, 
AX and Char-Mo gasatmospheres. Send 
for Bulletin SC-155 on prepared atmos- 
pheres. Write today on your letterhead. 


‘Surface 
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saying- 


NEVER grow weary of telling this story, which is ever 
I new to a large number of new members of @ 

The A.S.M. was organized in 1913 in Detroit by Billy 
Woodside had then 12 members, now 21,000; 60° are 
engaged in the fabrication of metals, 25% in production 
of ferrous and nonferrous metals, 15% in education and 
research is the only engineering society dealing with 
all phases of the metals industry is the largest group 
of metal engineers in the world . has 80 chapters holding 
500 meetings a year with 50,000 attendance sponsors 
chapter educational courses attended by over 16,000 
annually publishes the Metals Handbook, bible of the 
metals industry publishes Metal Progress, the engineer- 
ing magazine of the metals industry publishes Trans- 
actions, the technical volume of annual convention papers 

supplies over 45,000 preprints of convention papers . . 
publishes Metals Review containing the only prompt and 
complete review of metal literature 

In one year the & collected, edited, printed and dis- 
tributed over 100 million pages of engineering information 
on the subject of metals 

@ conducts the most intense promotion in the world 
for ferrous and nonferrous metals produces and dis- 
tributes moving pictures on metallurgical subjects 
provides a no-cost employment service . has distributed 
over 100,000 booklets and leaflets describing a career as a 
metals engineer . is the largest publisher of engineering 
books for the metals industry in the world owns and 
operates the National Metal Exposition and the Western 
Metal Exposition holds an annual metallographic 
exhibit is the instigator and general manager of the 
National Metal Congress is sole sponsor of the World 
Metallurgical Congress 

Through the Metallurgical Advisory Board, @ appoints 
committees to serve as advisory to the United States Navy 

. also serves by appointment as the agency for the dis- 
tribution of metallurgical information to the profession 

© has not increased its dues ($10) since the Society 
was organized returns an average of 40% ($85,000 
ach year) to the chapters .. . expends annually on each 
member $44.50 has an annual budget of over one 
million dollars .. . has established the @ annual teaching 
awards in metallurgy is fathering the establishment 
of a new highly technical and theoretical international 
publication for the metals industry and many other 
important projects now in the making and soon to be 
announced 

From where I sit it seems to me that all the members 
of the @ should be mighty proud of their fine accomplish- 
ments enumerated above, because they never would have 
been possible without the 100% cooperation of 100% of 
the members 


Cordially yours, 


W. H. Ersenman, Secretary 
AMERICAN SocreTyY FOR METALS 


HERE'S PROOF OF QUALITY! 


@ Life of Electro-Alloys neutral 
salt pot proved to be eight times 
that of competitive type pot for- 
merly used. User saved over $100 
on initial cost alone during life 
of one pot —plus replacement 
labor costs of seven pot changes. 


e@ With a competitive alloy, 
customer was receiving 1,500 to 
3,500 hours service. On switching 
to Thermalloy pots, service life 
jumped to 3,800-5,550 hours in 


identical service. 


| AMERICAN 


Brake Shoe 


Another reason why you get 
More Operating Hours per Dollar 


To insure the soundness necessary for low-cost service, 
every Thermalloy Heat Treat Pot is subjected to 
thorough internal and external inspection. Two X-ray 
machines, operated by trained radiographers, reveal 
any hidden flaws or weaknesses which might shorten 
service life. Pots are also pressure-tested at 60 pounds 
per square inch. This eliminates the possibility of 
porosity that does not show up on X-rays. 

This careful inspection, plus Thermalloy’s outstanding 
heat-resistant properties, are your guarantee of top 
quality. Why not make Thermalloy your standard in 
buying heat treat pots? 

Over 100 sizes in both round and rectan- 
gular pots are available for production 
from stock patterns. Write for Bulletin 
T- 205, listing shapes and sizes available. 


Electro-Alloys Division, 29094 Taylor St., 
Elyria, Ohio. 


Specify THERMALLOY “ for heat and abrasion re- 
sistance... CHEMALLOY * for corrosion resistance 


*Reg. U.S. Pat. Off. 


ELECTRO-ALLOYS DIVISION 


ELYRIA, "ORI O 
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STAR-MO 


An 8% cobalt moly steel pos- 
sessing great cutting capacity, 
unusual RED-HARDNESS value, 
and toughness. 


Its higher vanadium and carbon 
content combine to produce 
superior WEAR-RESISTANCE 

. . ideal for cutting hard mate- 
rials . . . and for holding close 
tolerances. 


A moly-tungsten steel recom- 
mended for GENERAL MA- 
CHINING operations. 


A made-to-order steel for SPE- 
CIAL PURPOSE applications. 


Sterling 


For complete infor- 
mation on Circle M, 
ask for Bulletin 
SL-2032. 


For complete infor- 
mation on Van- 
Chip, ask for Bul- 
letin SL-2033. 


For complete infor- 
mation on Star-Mo, 
ask for Bulletin 
SL-2015. 


Complete informa- 
tion about Hi-Mo 
will be furnished 
upon request. 
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Birmingham” Dayton’ Cleveland Detroit 


Connection between the in- 
strument and its primary 
element (a Thermohm tem- 
perature detector) is wire 
. not tubing. Can be any 
length without affecting ac- 
curacy or dependability. 


LEEDS A NORTHRUP © 


LECTROMAX Controllers give modern electronic 
kK regulation to thousands of important manu 
facturing processes. In any application up to 
1000 F they exactly fill the bill for non-recording 
controllers of outstanding dependability 


Electromax has the sensitivity, accuracy and de 
pendability of its big brother Speedomax Recording 
Controller. Likewise, it is not affected by vibration 
or building tremors ... can even be mounted on the 
frame of a molding press. The instrument needs 
almost no attention, because it has only one mov ing 
part . . . a covered plug-in type relay. There's 
usually no need to open the instrument door for 
months at a time 


Electromax Control is available to provide any one 

of three control actions. For the more simple proc 

ess requirements, on-off or two position control is 

usually used. For processes requiring control 

Flectro- within unusually close limits, two different types 

termation of proportional control are available Position 

nature of proces? Adjusting Type and Duration-Adjusting Type 

Jectricit¥ All three types of control action can be applied to 
electric, steam or fuel heating 


; jes of the 
Typico! Specity 
steom 


For further information, write our nearest office, 
or 4927 Stenton Ave., Phila. 44, Penna 


Jr) Ad ND47(2) NORTHRUP CO. 
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SORAP THAT JACK MADE 


—MADE JACK AVO MORE 


This is the Scrap that Jack made. 
This is the Man who found the Scrap that Jack made. 


This is the Clerk who was called by the Man who 
found the Scrap that Jack made. 


This is the Dealer who dealt with the Clerk who was 
called by the Man who found the Scrap that Jack made. 


AND TO MAKE THE STORY SHORTER: 


Y, 
Zs This is the jack the dealer paid for 
the Scrap that Jack made. 


Mo THIS IS THE STEEL 


THAT INDUSTRY GETS <~ 


from the Scrap that Jack made! 


-MORAL: 


Check your Plant for Scrap Today and Get 
it Moving — That Pays Everybody! 


CORPORATION 
ARNEGIE, PENNSYLVA? 
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@ The Maytag Company has found, for fast produc- 
tion at low cost and high quality, Westinghouse RF 
Heating installations are the answer. 

The installation of a process using two 20 KW-450 
generators—for both spline and straight shaft har- 
dening—has paid for itself in less than 3 months! 
This was shortly after World War I. and since then 


continued use has piled up real profit in savings. 


Westingh Electric C 
Department P-41 


2519 Wilkens Avenue © Baltimore 3, Maryland 


Send me your intormative case history booklet on induction heating 


In building a new plant for production of a com- 
pletely new line of automatic washing machines, 
Maytag turned to induction heating for brazing and 
hardening ... and they specified Westinghouse. A 50 
KW and 10 KW RF generator. with associated work 
handling equipment, are now accounting for: still 
further That's 
why Maytag says that not only is the Westinghouse 


savings and continued high quality. 


RF process the best method for heat treating produc- 
ion parts, but, also, “it produces precision work at the 
price of rough and ready work.” 
As we helped Maytag. let us help you solve your 
problems of increased production at low cost and 
with high quality. By all means. investigate 
the possibilities of installing Westinghouse RF 
Heating. 


INDUCTION HEATING 
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The nome, UTICA, famous for quolity forged tools for more than 50 years, now identifies 
& © foremost supplier of turbine and compressor blodes to the aircraft engine industry. 


BY MAKING TODAY’S METHODS “OLD FASHIONED” 


... there is no horizon on new ideas at UTICA 


In the forging of turbine and compressor blades | 


Utica is using the most modern methods, the finest 
equipment and the skill born of long experience 
in forging. 


But, the constant search for improvements goes on. 


Our engineers and metallurgists work and plan 
continually to make today’s methods obsolete. 


So, whether you come into contact with Urica to- 
morrow or several years from now, you'll find 
leadership that reflects this constant hunger for 
progress. Utica seeks to help most by working most 
for advancement. 


UTICA DROP FORGE & TOOL CORPORATION, Utica 4, New York 
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TOUR HEAT TREATING PROBLEM 
FOR NATIONAL DEFENSE 


AJAX Has the 
Answers! 


4 out of 5 metal products for defense use can be heat 
treated better, faster, with less floor space and at lower 
cost with an Ajax Salt Bath Furnace than by any other 
method! This statement is proved by the widespread use 

a 2 of Ajax furnaces during World War II and by the even 

carl ha more marked trend toward this exclusive salt bath 

method in today’s rearmament program. And we'll be 

a: glad to prove it specifically by heat treating specimen 

batches of your materials under actual shop conditions 

in the Ajax Metallurgical Service Laboratory. There is 


no obligation on your part. You be the judge! 


ONLY ACTUAL WORKING 
AREA OF BATH EXPOSED 


Ajax Submerged Electrode 

Furnaces", equipped with re- 

SHRUNKEN LEVEL OF fractory pots, reduce mainte- 

BATH WHEN FROZEN nance costs to the vanishing 

point because pot and electrode 
life is measured in years. 


Patented n US nd fore g untries 

Over 3,000 installations — 

more than all other electric 
salt baths combined. 


m Selort gue 
verter 


oven 


AJAX ELECTRIC COMPANY, INC. 


World 


910 Frankford Avenue, Philadelphia 23, Pa. 
IN CANADA’ GENERAL ELECTRIC CO., LTD., TORONTO. ONT 


+ we 
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When Working 
with 
High Vacuum 


Select the equipment to fit the job from 


the complete line of National Research 


Vacuum Equipment 


m 


FOR CREATING 
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Special 

Equipment 
and Plant 

Installations 


V250 Rotary Condenser. A typ:co!l proc: 
essing unit ina large, high vacuum plant 
which we designed and built 


Vacuum Fusion Gas Analyzer. Analyzes 
metals and alloys, including titanium, 
for combined or dissolved oxygen, nitro- 
gen, and hydrogen. 


This is only a@ part of the com- 
plete line of National Research 


equipment. Our equipment is de- 
signed to fulfill practical perform- 
ance requirements of vacuum 
equipment users. 


Gain the benefits of the high stand- 
ards of practical performance built 
into all National Research products. 
Write us for further details. 


National Research Corporation 


Equipment Division 


SEVENTY MEMORIAL DRIVE, CAMBRIDGE, MASSACHUSETTS 
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Free-Machining ENDURO 
Control Stainless 


Machining Costs 


In pneumatic and hydraulic control valves, ENDURO Stainless Steel plungers 
help boss big mills like this. . . 

The ENDURO plungers—through which air, water, and oil flow under 
thousands of pounds pressure — must resist Corrosion, resist abrasion, and 
maintain a tight seal at all times. They must be fully balanced so that they 
cannot creep or crawl. i 
All this requires a lot of machining . . . upwards of 30 separate operations. 
Free-Machining ENDURO Bars are cold finished by Republic's Union Drawn 
Division especially for efficient, economical production of all such highly- 
machined parts. They provide close tolerances, accuracy of section, uniform 
soundness, and fine surface finish, together with the high physical and 
chemical properties of stainless steel. Two grades are 90% as machinable 
as Bessemer screw stock. 

Free-Machining ENDURO also is available in hot rolled bars, and in wire. 
Republic metallurgists are ready to give prompt assistance on applications, 
processing and use. Write: 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES * CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


a 
FREE-MACHINING 

Half-inch and three-quarter-inch 
co alitves are machines rom 
Type 416 Free-Machining FNDURO 35 5 5) a 
Stainless Steel by C. B. Hunt & Son, \ a 
Inc., Salem, Ohio. 


Other Republic Products include Carbon and Alloy Steels—Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Anneol, pickle, quench fur 
noce basket. Articulated 
Serpentine’ grid (pat. ap 
plied for), removable work 
dividers. Wt. 70 Ibs., load 
330 Ibs ratio about S5tol. 


Mone! pickling rack designed for 
MINIMIZE REJECTS : 2000 Ib. lood in 8% Hs SOs ot 


165 F. Wt. 500 Ibs., ratio 4 to 1. 


CUT CcCOsTS Pit type furnace basket for heat 


treating shell cases. Two layers of 
shells, mesh separator. Basket has 
loose shell, easily replaced. Fab 


IN ORDNANCE ricated grid, long life 
HEAT TREATING 
«- PICKLING 


lock-crimp, woven wire shell cose bas 
ket, flat bottom, trovels on rolls, either 
direction. Anneol and pickle. Wt. 54 
Ibs., load 350 ibs., ratio 6%, to 1. 


Mone! pickling barrel for 
cupped steel parts. Load 
3500 Ibs. Low HP. 
standord speed motor 
drive thru bronze 
sprocket ond chain 


Offices: PHILADELPHIA, CLEVELAND, DETROIT, HOUSTON, INDIANAPOLIS, CHICAGO. ST. LOUIS, LOS ANGELES. MINNEAPOLIS. PITTSBUTY 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


better work 
Operation, Lower Cost | 
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and the 


problem of 


FABRICATION 


in your product 


Today American industry 1s constantly searching for 
ways to lighten the unprecedented load on its pro- 
duction facilities. Progressive manufacturers have dis- 
covered that magnesium ... with its combination of 
lightness, strength and workability ... is one answer. 
These characteristics of magnesium can result in 
simplified design, speedier fabrication and lowered 


production costs. 


Manufacturers find that magnesium is produced in all 
common torms including castings, forgings, extrusions 


and sheet. They learn that it can be machined at 


Today, magnesium is a tremendously important part of our defense effort, 


and like many other metals, is required in great quantities by the government. 


But in planning “Tomorrow's 


the highest possible speeds of standard machine tools 

. can be formed by drawing, spinning, bending, 
stretching and other common production methods. 
Also that the metal is joined by arc, gas, and spot 
welding as well as by riveting and is finished by 


accepted methods. 


So if you are making, or contemplate making, anything 
in which lightness or ease of fabrication is important, 
plan with magnesium. It has made many products 
better—more versatile, easier to handle, more profit- 


able to sell—it may improve yours. 


For Your “Tomorrow's” Product . . . 


DOW 


production, remember this fact: the seas, at 


our own shores can provide 100 million tons of magnesium per year for 


1,000,000 years without significantly reducing the supply! 


THE DOW CHEMICAL COMPANY 


Magnesium Department ¢ Midland, Michigan 


New York Boston Philadelphia Atlanta Cleveland Detroit Chicago St. Louis Houston 
San Francisco ¢ Los Angeles e Seattle ¢ Dow Chemical of Canada, Limited, Toronto, Canada 
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ALLOY STEEL UNNECESSARY! 


‘COSTS CUT IN HALF 
| 
WEAR RESISTANCE 


In this Kearney & 
Trecker new Model CK 
vertical milling machine, 

the 2” diameter feed screw 


THREE Ground and Polished STRESSPROOP has been used for lead and 


OPERATIONS Vi feed screws by Kearney & Trecker since 1939. If STRESSPROOF 
were not available, they would need a .50°% carbon-alloy steel to 
ELIMINATED obtain the required strength and wear-resistant properties. The sub- 
stitution of alloy would require quenching, tempering, and straight- 
@ QUENCHING ening operations not necessary with Ground and Polished STRESS- 

PROOF. The cost of the part would be more than doubled. 
@ TEMPERING For precision work, lead and feed screws for machine tools must 
maintain their accuracy through years of operation. Ground and 
@ STRAIGHTENING polished STRESSPROOF cuts cost for these exacting parts because 
it provides five qualities in the bar (1) high strength, double that of 
ordinary cold-finished shafting; (2) machinabilitvy, fully 50° better 
than heat-treated alloys of the same hardness; (3) high resistance to 
wear, replacing many heat-treated or carburized alloys; (4) minimum 
warpage, obtained by special processing; and (5) accurate, finely ground 

surface. 

It is significant that the only suitable substitute for STRESS. 
PROOF is an alloy steel requiring many additional expensive pro- 


S T RB E S S P R 0 0 7 duction operations. 
1S PLAYING A VITAL ROLE 
IN NATIONAL DEFENSE! 


A very large proportion of 
STRESSPROOF’ produc- 
tion, today, is going inte 
defense jobs. However, STEEL co. 


sample bars are available 


for testing purposes. 1424 150th Street, Hammond, Indiana 


Manufacturers of the Most Complete Line of Cold-Finished 
and Ground and Polished Bars in America 
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Operators of Whiting* Cradle and similar types of 
holding furnaces use Taylor Sillimanite (TASIL) 
brick and cement to prolong the life of refractory 
linings. Recommended practice is to “balance” the 
super-duty fire brick lining with 9" of TASIL brick, 
laid in TASIL No. 301 Cement, for both side walls 
and bottom, in the areas subject to the damaging 
wash of molten iron and slag. (See refractory con- 
struction shown in engineering drawings below.) 

A TASIL “balanced” lining at one plant is aver- 
aging 6-8 weeks on side walls and 9-12 months on 


HOLD THAT LINING 


Tasil “Balanced” Lining In 


bottoms, with patching. TASIL was tried after a 
super-duty fire brick lining failed in three days 
because of joint attack and severe erosion at the 
metal line. This furnace is fired with pulverized coal 
and runs 700 tons per week of grey iron, tapped from 
cupola at 2750° to 2800° F. 

Wherever you use fireclay-base, high alumina, 
kaolin or similar refractories, TASIL will give more 
effective service. Let a Taylor field engineer discuss 
with you the savings Taylor Sillimanite can make 
in your plant. 


Whiting Cradle Furnace 


Section through Pour-in Spout 


Section through Pour-out Spout 


TASIL sidewalls and bottom 
9" thick. TASIL top course in 
sidewall 13%" thick. 


| = Taylor Sillimanite 


* Built by Whiting Corporation, Harvey, II! 


Exclusive Agents in Canada: Yates 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. G'*sou 
Hamilton and Montreal 


sun) 


Tc CHAS. TAYLOR SONS 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 


REFRACTORIES SINCE 1864 + CINCINNATI * OHIO + U.S.A 
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Cronk Cases, Frames. and other 
Parts for Manufacturers of Marine 
Steam Engines of Uniflow or 
Multiple Expansion Type 


Heovy Press and Machine Fromes 
ond Bases for the Machine Tool 
Industry 


Diesel Engine Crank Cases and 
Frames for the Marine an 
Electro-Motive Field 


Pressure Vessels for the Chemical 
and Allied Industries 


One of Several Parts of a Cato- 
lytic Cracking Plant Produced for 
the Petroleum Industry 


Mass production of these massive clutch and drive 
housings for a twenty-one ton tractor is further evidence 
of the design trend in modern machines .. . it is a 
typical example of how alert manufacturers are today 
employing Steel-Weld Fabrication to good advantage 
in the construction of their products. Thousands of 
such heavy machinery parts and assemblies are now 
produced and machined by Mahon for many manu- 
facturers throughout the country. If savings in either 
cost or time can be effected in your product through 
Steel-Weld Fabrication of parts, or, if you are cramped 
for manufacturing space, it will pay you to investigate 
Mahon facilities. You will find in the Mahon organiza- 
tion an unique source with complete, modern fabri- 
cating, machining and handling facilities for any 
type of work regardless of size or weight . . . a source 
where skillful designing and advanced fabricating 
technique are supplemented by craftsmanship which 
assures you a smoother, finer appearing job 
embodying every advantage of Steel-Weld Fabrication. 


THE R. €. MAHON COMPANY 
DETROIT 34, MICHIGAN 
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NEW PRODUCTS 


WELDER: A redesign of its atomic- 
hydrogen transformer welder, incorpo- 
rating a new hot-start circuit, silicone 
insulation and a wider current range, 
has been announced by the General 
Electric Co. The 
10 to 100 amp. allows the use of one 


current range of 


machine on all applications. The 


range is divided into two sections, 
each extending the entire length of 
the indicator scale. The welder oper- 


ates on 60 cycles, single-phase 


voltage; it is 41% in. high and weighs 
350 Ib. 

For further information circle No. 674 
on literature request card on p. 32B 


CUTTING FLUIDS: Magnus Chemi- 
cal Co. has announced the addition of 
specialty cutting fluids to their line of 
industrial cleaning materials and ma- 
chines. These fluids are designed for 
difficult machining operations, such as 


stainless 


work on teel, high-carbon 
steels and other metals where general- 
purpose cutting fluids cause excessive 
tool wear and poor surface finishes. 
The Magnus products contain a much 
higher 


sulphur base when 


used for such jobs they have displayed 


content; 


a cost advantage over general-purpose 
fluids and those to which white lead 
or carbon tetrachloride 
added. Magnu 

No. 7, undiluted, i 
unusually difficult machining opera- 
tions. For moderately difficult jobs, 
1 part No. 7 may be added to 2-5 


have been 


cutting 


compound 
recommended for 
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parts of general-purpose fluids. Where 
staining of copper is to be avoided, 
Magnus cutting compound No. 6 is 
recommended. For difficult machin- 
ing jobs where greater cooling quali- 
ties are required, Magnus soluble oils 
DO-4A and DO-1A are recommended. 
These, with their high concentration 
of sulphur base, are also formulated 
to give good rust protection and mini- 
mize the occurrence of rancidity and 
dermatitis. Either product is diluted 
1-5 to 1-20 for machining operations, 
depending on the severity of the jobs, 
and 1-35 to 1-45 for grinding. 

For further information circle No. 675 
on literature request card on p. 32B 


CARBURIZING BOX: The Stanwood 
Corp. has incorporated V-type skids 
for a carburizing box, giving better 
support for heavy loads under high- 
temperature use. The new construc- 
tion has also resulted in improved 
air circulation under the bottom of 
the box. One-piece combination cast 
bottoms and legs are available for 
extra-heavy loading. 

For further information circle No. 676 
on literature request card on p. 32B 


TRANSFER MACHINE: Motch & 
Merryweather's newest automatic 
transfer machine is of the progressive 
in-line type. It machines, cuts off to 
accurate length and finally chamfers 
both ends of the cut-off pieces. In 
the machine illustrated, solid cold 
drawn stock is fed hydraulically to 
the first 


station, which drills from 


both sides. The second operation is 
a countersink of the drilled hole. The 
third and fourth stations broach flats 
on both sides of the stock. The fifth 
station cuts off where a circular saw 
head rapid traverse approaches, cuts 


to accurate length a section of the 
machined stock held by transfer 
unit, and rapid traverse returns. The 
hydraulic transfer unit, holding the 
machined and cut-off piece, returns 
to position on the side where two 
drilling units feed to adjustable stops, 
chamfer both ends of the piece simul- 
taneously, and rapid traverse returns. 
For further information circle No. 677 
on literature request card on p. 32B 


EXTENSOMETER: A complete line 
of newly designed high-magnification 
S-type extensometers is now avail 
able from Tinius Olsen Testing Ma 
chine Co. These light weight 
instruments, which detect strain under 
both elastic and plastic tension test, 
transmit signals which rotate the re 
corder drum in direct proportion to 
strain on the specimen. Snapped on 
or off the specimen by merely squeez 
ing the clamp plates, each instrument 


is provided with three high magnifi 
cations. As the specimen stretches, 
an activating knife edge moves, which 
in turn moves the core of a differen- 
This movement 
voltage which is am 
plified to operate a two-phase recorde! 
motor which drives the recorder drum 
on which the 
Standard 


tial transformer. 


creates an a-c. 


strain is recorded. 
S-type extensometers are 
available for gage lengths of 1, 1.4, 
2 and 8 in. with magnifications up to 
and including 1000, 

For further information circle No. 675 


on literature request card on p. 32B 


FINISHES FOR ALUMINUM: New 


hard coatings for aluminum where 
high resistance to abrasion is desired 
released to 
Aluminum Co. of 


coatings 


are being licensees by 


These 


where 


America. 


have special value 


hard, long-wearing surfaces coupled 
with lig i 
surface 


ht weight are essential, as in 
subjected to abrasion or ero 
sion. The new wear-resistant finishes 
are anodic oxide coatings. 
made by the 


Some are 


well-known Alumilite 


\ 
4 
| 
t 
4 
a 


North- pen operates 9 

en type of on the instrument 
mt a frequency reduce paper fiber cho | 
The converter cleaning is made easy 
wer other melt- disassembly, and the new 

various types of on standard pen carriages, pert 
as for heat treat- improved performance for al 


installed instruments. 
tion circle No. 680 For further information circle No. 6 
t card on p. 32B on literature request card on p. 32F 


(THE EQUIVALENT OF) 


maNG MACHINE: SUBZERO MACHINE: A new model 

te the efficient industrial chilling machine to meet 
the Prutton the 
unique engi- 
speed thread 
of metals 


needs of smaller capacity users 
has been announced by Deepfreeze 
Distributing Corp. The new model, 
W-120, has a capacity of 5 cu.ft., and 
will maintain temperatures as low as 
minus 120° F. At this temperature it 
will remove 500 Btu. per hr., the 
equivalent of cooling 20 lb. of stg 


from room temperature to minus 


in every ton | § 
if the & 
strip steel 
you order 
act measu 
.002" oversize 


A sheet of exactly .020” strip steel the size 
of this page (8% x 11%) weighs approxi- 
mately 8% ounces. 

The same size sheet of .022” (.020”, 
.002” oversize) with the ellipse Bt 
punched out would 
weigh the 


footage loss increases as thickness increases; 
decreases as gauge docreases 


the precision gauge tolerance of (JHINSTEEL 
protects you against such costly losses 
insures maximum practical yield per ton 
the Cold Metal Products co. 


YOUNGSTOWN |, OHIO of THINSTEEL products. 
New York Chicago © indiqnepelis © Deirait © St Louis © Los Angeles Cleveland 
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High Carbon Spring 


controlled structure 
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grades fom 125,000+ PS! mini- 
to 200,000# ainimum or mo 
(d) High hardness ues 
by special heat treatment 


(e) Thicknesses .001” and heavier 
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tory controlled pr¢q 


irror finish 
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(a) Scaleless blue 
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(c) Tempered, polis q ed 

(d) CMP Tempered Steel for Feeler 
Gauges, Vibrata ra Main Springs, 
Band Saws, Ta er Steel 


CMP THINSTEEL g be ordered direct 
from the mill, or fo ill quantities or for 
emergency service the following ware- 
houses: 


Kenilworth Ste 
worth, Ne 
7-2427 o 
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Phone N. Y. COrtlandt 
Bnville 2-6900 
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process. Alcoa has also acquired the 
U.S. patent rights to the Martin hard 
coating for aluminum from the Glenn 
L. Martin Co. The MHC finish is 
similar to the Alumilite coatings in 
hardness and structure. The Glenn L. 
Martin Co. reports that the MHC 
finish has been used successfully in 
the solution of 


problems of wear, 


abrasion, heat erosion, and corrosion 


in such diversified articles as gears 


ad and pinions, turbine impeller blades, 
nozzles, the leading edges of high- 
speed airfoils, and leg braces for 
e paraplegics MHC-finished aluminum 


has been applied to many parts of 
Martin aireraft, 
cylinders, 


such as 


pistons, 
walkways, 
door mechanisms, and other applica- 


jack-screws, 


tions in which the finish has permitted 
steel 
which have cut weight and operating 


aluminum-for substitutions 


costs, 


For further information circle No. 679 
on literature request card on p. 32B 


PRECISION CASTING 


Developed especially for 


FURNACE: 


high speed 


produ tion of precision castings, this 


new mechanically-operated A jax- 


Northrup induction furnace transfers 


molten metal from furnace to mold 


cye le, 


in any pre-set usually only 


a few seconds. 


Typical of high-per- 
with the 


formance parts being cast 


new units are jet engine vanes and 


blades, compressor parts and small 


ordnance components. Operation is 


extremely simple. At the end of the 
melting period —12 min. for 5 Ib. of 
alloy steel the preheated mold or 


investment Is clamped directly to the 
top of the crucible with a specially- 
fitted holder. 
lever 


Operation of a control 


causes the furnace to 


rotate 


The new furnace, 


to pour ing posit lor 


Ajax Electrothermic 


made by Corp., 


is powered by a standard Ajax-North- 
rup 20-kw. mercury-hydrogen type of 
converter, and operates at a frequency 
of about 30,000 cycles. The converter 
can also be used to power other melt- 
ing furnaces, or for various types of 
heating equipment, as for heat treat- 
ing or brazing. 

For further information circle No. 680 
on literature request card on p. 32B 


THREAD ROLLING MACHINE: 
First to incorporate the efficient 
“planetary” principle, the Prutton 
“Rollmaster” introduces unique engi- 
neering features for high-speed thread 
rolling in a wide variety of metals 
ranging from nonferrous to hardened 
steels. The 
threads of 


and stainless 


machine 
class fit at 


produces 


18,000 to 20,000 pieces per hr., includ 
ing set-up time. The 
threads bolts, fette: 
nails, and does many knurling, mark 


Rollmaste: 
ring and spiral 


ing, serrating, necking and contour 
operations. 

For further information circle No. 651 
on literature request card on p. 32B 


INSTRUMENT PEN: New indus- 
trial instrument pens have been de 
signed by Minneapolis-Honeywell 
Regulator Co. for their strip-chart 
electronic instruments. The new pens 
have removable tips and a new reset 
which 
Other advantages are: The 


voir construction eliminates 


flooding. 


pen operates with decreased pressure 
on the instrument chart, tending to 
reduce paper fiber choking; thorough 
cleaning is made easy by a simple 
disassembly, and the new design fits 
on standard pen carriages, permitting 
improved performance for already 
installed instruments. 

For further information circle No. 682 
on literature request card on p. 32B 


SUBZERO MACHINE: A new model 
industrial chilling machine to meet 
the needs of smaller capacity users 
has been announced by Deepfreeze 
Distributing Corp. The new model, 
W-120, has a capacity of 5 cu.ft., and 
will maintain temperatures as low as 
minus 120° F. At this temperature it 
will remove 500 Btu. per hr., the 
equivalent of cooling 20 Ib. of steel 
from room temperature to minus 120 
F. The W-120 is expected to be of 
special interest to operators of smaller 
heat treating departments. The in 
creased use of subzero temperatures 
for quick and complete stabilization 
has developed a need for such units in 
heat treating plants and departments 
whose size did not necessitate the 
larger capacity models. 

For further information circle No, 683 
on literature request card on p. 321 


LIQUID HONING: A new liquid hon 
ing machine by Vapor Blast Mfg. Co. 
has been developed for use in honing 
tools, broaches, hobs, taps and drills 
and larger tools like dies and molds. 
It can be operated from either sitting 
or standing position. 

For further information circle No. 681 


on literature request card on p. 321 


BRAZING FLUX FOR TITANIUM: 
Handy & Harman announces the de 
velopment of a brazing flux for use 
in the joining of titanium and zir- 


APRIL 


1052; 


PAGE 


17 


y j 
— 
\ 


LESS DRAG-OUT...NO SLUDGE. Thi- continuous <haker 
hearth furnace heat-treats parts at 1.525 F and quenches them in 
| otrelled between 120 F and 130 With the oil formerly 
tise d ut w excessive and sludging iconstant problem. By 
to Sun Quenching Oil Light. the 


ippreciab ind eliminated sludging altogether, 


company reduced 


SURFACE SPOTTING ELIMINATED. The oil used for- 
merly by this company gave quenched parts a troutlike ippear 
ince. It also left traces of smut Ever since the switeh to Sun 
Quenching Oil Light, parts have come out clean and a shiny 
blue-black color. Among the materials used by this serew 
manufacturing plant are: SAE W387, 3135. 6850 steels 


PRODUCTION IMPROVED, COSTS CUT 40% 
QUENCHING OIL LIGHT 


BY SWITCH TO SUN 


\ large New England company manufacturing socket 
screws and related items was using an expensive oil for 
quenching. Nevertheless, results were poor. Drag-out 
was excessive. Heavy sludge deposits accumulated in 
the tank. Instead of coming out shining and blue-black 
in color, parts were dirty. and spec kKled with brownish 
spots. Obnoxious oil vapors bothered the operators, 

Phe company asked a Sun representative for sugges- 
tions and on his advice filled the system with Sun 
Quenching Oil Light on a test basis: then. after five 
months trial. adopted it. Oil costs have dropped Ww 


percent) an annual saving of S1.200. Drag-out is less 


SUN OIL COMPANY, Dept. MP-4, Philadelphia 3, Pa. 
[am having problems possibly caused by an inadequate 
quenching vil 


Please have a Sun representative contact me. 


Please send meinformative booklet. Sun Quenching Oils.” 


TECHNICAL ASSISTANCE AVAILABLE. Sun's ensi- 
neer it vour ersvice tor consultation on quenching-o 
matte It will p utilize the experience they have 


variety of problems in other plants. 


with lower oil consumption resulting. Queneched 
parts come out a clean blue-black. Because of the 
natural detergeney of this product, the system remains 
clean at all times. Odors are no longer a problem. 

Sun Quenching Oils give consistently uniform results. 
They drain off rapidly, keeping drag-out to a minimum. 
do thicken up and lose their quenching 
speed. Under normal operating conditions, they do not 
form sludge and need never be replaced. Sun Quench- 
ing Oils, although far less ¢ vpensive than highly com- 
pounded oils, meet the requirements of 95 percent of all 


que te hing apn rations, 


NO OBNOXIOUS VAPOR ODORS. With the former oil 
objectionable odors raised a serious morale problem. The oder 
Ohl Light is net unpleasant. \ big in prove. 


ment has therefore resulted in working conditions 


Sun Quenehing 


SUN INDUSTRIAL PRODUCTS 


SUN OIL COMPANY, PHILADELPHIA 3, PA. + SUN OIL COMPANY, LTD, TORONTO AND MONTREAL 


UNOC 


EA 
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conium and their alloys. Silver brazing 
alloys readily wet the titanium which 
is protected by the flux. Although 
titanium and zirconium form brittle 
compounds with most metals and 
alloys that may be used for brazing, 
the embrittlement may be minimized 
by rapid heating and limiting the 
time at brazing temperature. For 
this reason, low-temperature brazing 
alloys are preferred. The new flux 
is called Special Handy Flux for 
Titanium. 

For further information circle No. 685 
on literature request card on p. 32B 


STING MACHINE: An improved, 
low-cost universal testing machine of 
120,000-lb. capacity is announced by 
Baldwin-Lima-Hamilton Corp. The 
hydraulic loading unit is separate 


from the indicating and control unit, 
which isolates recoil from breaking 
test specimens and permits adjusting 
maximum or lazy hands with mini 
mum drag Load (either in tension 
or compression) is applied upward 
by an integrated piston and elevating 


Loading speed can be varied 


cave 


infinitely between © and 2 in. per min. 
Two ranges, 0 to 120,000 and 0 to 
10.000 Ib. are standard. Any two of 
six other ranges are available, and 
three ranges can be provided. 

For further infermation circle No. 686 
on literature request card on p. 32B 


ALKALINE DERUSTING: Announce 
ment of the development of a new 
alkaline derusting process for steel, 
cast iren, malleable iron and other 
ferrous alloys is made by Enthone, 
lic. Because the process is alkaline, 
it simultaneously cleans and derusts. 
In one test, complete rust and scale 
removal was accomplished in 2 min. 
as against 45 min. for acid pickling 
This is important where high-speed 
pickling of wire or strip must be 
accomplished. The process is applic- 


able for derusting without a_ heat 
source being available. 

The operation of the bath is 
simple. Parts heavily contaminated 
with grease should first be degreased. 
However, light oil is readily removed 
in the bath. The parts are then 
immersed in the derusting solution 
where they are made the cathode for 
periods varying from a few seconds 
to several minutes, depending on cur 
rent density and condition of the 
surface. A wide range of current 
density can be employed from _ five 
to several hundred amperes per 
square foot. After derusting, the 
object is clean and bright. Longer 
treatment does not result in = any 
attack upon the metal being pickled. 
Therefore, close watching of the pick- 
ling process is not required. One of 
the chief advantages claimed for the 
process is due to the fact that it is 
alkaline and there is no tendency to 
he 
corroded, such as occurs with acid 
pickling processes. 

For further information circle No. 687 
on literature request card on p. 32B 


cause surrounding equipment te 


COMBINATION GAS-OLL BURNER: 
Eclipse Fuel Engineering Co. an 
nounces the new Fyr-Matic gas-oil 
burner, designed for industrial and 
commercial use in applications where 


both oil and gas are available. 


DIE-CASTING MACHINE The 
Lake Erie Engineering Corp. has in 


troduced an improved line of die-cast 
ing machines, incorporating two 
exclusive features, the “wedge cam 
toggle” and the “pressure-pac” injec 
tion unit. The former is a self-com 
pensating toggle clamp which 
automatically takes up clearances it 
the dies due to contraction and expan 
sion of the molds during production 
or shut-down periods. The new in 


Changeover from one fuel to the 
other is made instantly and automati- 
cally by the flick of a switch. This 
new combination burner makes it 
possible to alternate the use of fuels 
back and forth according to avail 
ability, economy or suitability. Mixed, 
natural or L-P gas (800 to 3200 Btu.) 
or No, 1, 2, or 3 fuel oil may be used 
in the burner, all operating with 
equal efficiency. Either gas or oil 
can be burned without induced second 


ary air, as the burner is designed to 


furnish its own air for complete com 


bustion. Positive ignition is assured 
with either fuel; with oil, direct elec 
tric spark ignition is employed; for 
burning gas, ignition is provided by a 
gas pilot which must “prove” itself 
to the electronic safety circuit before 
the main fuel is admitted to the 
burner, 

For further information circle No. 689 
on literature request card on p. 321 


jection unit facilitates production of 
denser castings by providing the 
necessary pressure to feed the shrink 
or to compress the porosity at the 
f the metal. 
The new line of machines is avail 


time of solidification ¢ 


able in 10 models, ranging from 100 
to 1000-ton capacity, for casting all 
the usual nonferrous metals and 
alloys. 

For further information circle No. 685 
on literature request card on p. 32B 
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REDUCED... 


PRODUCT 
QUALITY 
IMPROVED 


with Geese 


SAE-1045 AXLE 
ADJUSTING ROD ia 
/ 


Clean hardened, approx. 200 per 
load, in one hour at 1600° F. Clean 
threads maintained, rethreading 
operation eliminated. Wt. per 
piece — .37 Ibs. 


sat-1095 NEW SEN STANDARD 
Clean hardened, 350 


anes AUTOMATIC HEAT TREATING UNIT 


at 1500° F, Distortion reduced, cleaning opera- Described at left are typical results obtained by a Farm Machinery Man- 
SS eee ufacturer in clean hardening more than 50 different workpieces on a 
production basis in an Ipsen Automatic Heat Treating Unit. Controlled, 
automatic batch processing from heat through quench, combined with 
wy sealed atmosphere operations, have also effected important improvements 
ay = in product quality. For example, highly uniform results are now obtained 
& from load to load which permits more accurate control of wear. Also 
Chien clean, scale-free, more rust-resistant work is obtained. Further, dis- 
load, in one hour at tortion is held to close limits, which not only speeds production but 
esdoussetueians also simplifies assembly and field service problems. 
finish is produced, cleaning i limi d 
Wt. per piece — 4 Ibs. 


Bright Carbonitriding Cuts Processing Time 75% 


In addition, 15 different workpieces requiring case depths ranging from 
.015 -.035” are also automatically processed in the Ipsen. On these 
soueen eaane jobs, the Ipsen exclusive bright carbonitriding process is employed. 
This method cuts processing time as much as 75%, and improves delivery 
Cleon hardened, 69 per schedules. Workpiece distortion is also accurately controlled, and extra 
~ handling and cleaning operations are eliminated. In use for more 
duced, cleaning and buffing eliminated. than nine months, the unit has operated on a 24 hour schedule, with no 
Wt. 
downtime for maintenance. 


Write (oR MORE FACTS TODAY — Get the complete story 
on modern Ipsen Heat Treating Units today. Three standard 
sizes are available —from 250 to 600 Ib. capacities. 

Write for free data sheets describing and illustrating results 
and procedures on actual jobs. 


IPSEN INDUSTRIES, INC., 723 South Main Street, Rockford, Illinois 
Production units for CARBONITRIDING . CARBURIZING - HARDENING - BRAZING - MARTEMPERING 
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T-250 Heat Treating Unit Farm Equipment plot. Opereter simply loads the wit end 
Ba sets the heat treating cycle. Work is handled through heat quench (or cooling) cycle auto- ; 
ah matically. Change-over from one job to another is fast and simple. 
‘| 
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Naturally you'd go to a 
pharmacist a specialist who has 
the know-how So it is with fluxes 
Special Chemicals engineers 

have been specializing in the formu- 
ation and production of hard solder- 
g and brazing fluxes for more than 

20 years. That's why you can depend 
on KWIKFLUX for better metal join- 
ing of ferrous and non-ferrous metals 
at lower cost. Works perfectly with 
both low and high melting point hard solders and all 
types of heat applications direct, indirect and 
induction heating 


The Proved and Preferred 
HARD SOLDERING and BRAZING FLUX 


Only KWIKFLUX Has These EXCLUSIVE Features 

© SUPER WETTING ACTION speeds work, eliminates 
lumping or pitting of solder Cleans, protects and 
flows into tightest fitting joints 

© MIRACLE FLOWING SPEED — Dependabie 
KWIKFLUX resists evaporation, flows faster, works 
cleaner and eliminates skip spots Melts at 780°F 
and remains stable up to 1800°F and higher 

© DOUBLE PENETRATION POWER patented phos- 
phate formula gives KWIKFLUX better bite action 
and deeper penetration 

© OBJECTIONABLE FUMES are FIXED and neutral 
thereby increasing production efficiency 

© ANTI-CRYSTALLANT prevents crystallization in 
storage 


MEETS ALLRIGID |GOVERNMENT SPECIFICATIONS: 


S. Army 24-1121 © Air Corps S11316-A © U 
Navy 500-OLD 4-1121 AMS 34106 


TRIAL JAR 
Yours for the Asking! 


Try KWIKFLUX and see for 


se 

Fret “TRI AL JAR 

! oOupon my type 
t 


SPECIAL CHEMICALS CORP. 


30 IRVING PLACE. NEW YORK 3. N.Y 


CHEMICALS CORP Dept. MP-1 
| 30 Irving Place, New York 3, N. Y. ! 
sone trial jar of KWIKFLUX with comp ae! 
; Type of work 
{Type of brazing alloy 
1 type of neat application | 
| 
| Nae 
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Precise 


TEMPERATURE 
MEASUREMENT 


is one of the 

many applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


...@ general purpose potentiometer with 

c number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include 

© Three ranges —0 to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts 

© Three reading dicls—effective scale 
length of approximotely 175 feet for 
eoch range 

© Subponel switch and slidewire construc- 
tion for protection of contacts from dust 
ond corrosive fumes. 

© Special provisions to minimize porasitic 
thermal emf's — including automatic com- 
pensation of slidewire thermals and 
gold contacts in galvanometer key. 

@ Exceptional convenience in reading and 
adjustment 

© Solid and substantial construction for 
many yeors of trouble-free service. 

This standard laboratory potentiometer 

is also well suited for meter colibration, 

for checking portable potentiometers, and 

for other critical measurements of D.C, 

potentials requiring exceptionally high 

occuracy. 

Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 
e Sturdy, short period 
© Sensitive (up to 1.5 HV per mm. ) 
© Multiple-refiection optical system 
© 100-Millimeter scale 
e For null or deflection measurements 
Described in Bulletin 320 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue * Philadelphia 32, Pa. 
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dewig d product engineer select the type 
s temperature-sesponsive device. Mf 
ef 
16-puge t es ba proble ed 
operat Me ‘ 
silver brazing alloy. 24-page bulletin gives it 
ethods. Hand Harmar 
21 


SOLDERING 


AND BRAZING GUN 


This new MOGUL unit is builr 
to deposit lead and tin base 
solders, silver solder and 
brazing wires in a liquid or 
semi-liquid form to any con 
stant moving part 

High or Low Speed. Moving 

" part travels at desired speed, 

. ( as Gun adjusts to your spe 

Booklet #127, “Sel-Rex cific application 

PLATING POWER,” has just ' Pinpoint Location. Deposits 

come off the press. It contains to 
mnrehen So exact spot tor clean seam 

the comp ene ve line OF S€!- material saving 
slenjurr ctifier 

Rex Selenium Rectifiers Extremely Versatile. se Gun 
descriptions, drawings an for constant or intermittent 
Every oc work of any type, regardless 
of shape, joints, connections, 
S Clear terminals or seams. Seam sol 
the proper equip- . . dering speeds up to as much 

nended for as 200 lineal ft. per min 


low cost effi 
ciency 


WRITE DEPT ™ 
FOR YOUR FREE COPY 


Tne World's Largest Selenium Rectifier 


isa Saves Time Saves Solder 
Recent installation of a Mogul a 
BART- MESSING ~ ¢ ~ CORPORATION 


229 Main Street e Belleville 9, N. J. Perhaps Mogul can do the same for 


you. Write today for full information 


NEMA Manufacturers and distributors of Plating 
* Fs and Polishing Equipment and Supplies. METALLIZING COMPANY OF AMERICA 


soe as Dept. MP, 3520 West Carroll Ave., Chicago 24, Illinois 


5 WAYS TO SLASH 
PRODUCTION COSTS 


Multiple gauge installation 
for measurement of coating 
thickness, now in use in 


Take advantage of Tracerlab Beta Gauges to effect substantial cost savings . . . five w ways! 

Through reduction of waste and the need for rework, closer manufacturing toleranc es, imme- 

diate knowledge of material changes, elimination of test samples, and faster ‘‘on-gauge”’ 
hiiaasieen Maia settings when starting production ... Beta Gauges have proved their ability to deliver time 
ellews meeeere- and raw material savings. A 12-page booklet gives complete details... explains ex xactly 
ment from one side what these unique instruments are and how they work. Write TODAY for your copy. 


BERKELEY, CAL. NEW YORK, WN. Y. CHICAGO, ILL. WASHINGTON, D. C. 


Taceriap 


130 HIGH ST., BOSTON, MASS. 
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Brazing 

page text GEA-43193 describes the method 
applicatior electr rr 

(rener Ele ric € 


Brazing Alloys 
ind pho 


& 


pper, bra d bronze. Also dat 


blectru Cor 


710.) Brazing, Silver 
iS-page. pocket eT 


imerican Platinum Work 


Brazing Washers 
Free sample of silver brazing 
ed from wire. Lucas-Milhaw 
coving 
712. Bronze 
Vol. 8. No. 1. of the | 
‘ 
nganese bronze. K. 


713.) Burners 
Burner Catalog B-11 


g iton, Dime table 
trawing tput charts. C. M. Kemp Mfy. ( 
Tit. Camera Microscope 


MEI 


Carbon Control 
g T-623 descrit M 


‘ Lee é Northru 
716. Carbon and Sulphur 
Analysis 


Case Hardening 
Compound 
il data \e 


nd Lmerican mid 


718. Castings, Centrifugal 
Le 


Chromium Stainless 


Steels *These are just a 
sat tee ud fable few of the investment castings 

“Bulletin 214 gives full d rer of at least 50% under cost of machining —a rate of 
Retchlan barrels. Panchora Corp 2 investment castings for the price of 1 machined part! 


. Cleaning 


effects major savings thru elimination of 
machining, handling raw material stock, rejects 
clea : and spoilage, inspections, labor and overhead. 
622, Rearmamem isa “blueprint to stockpile” method, permitting 
5 Product ta tline t efficient me use of stainless steel, tool steels, high speed 
723. Cleaning and Bufling ®& isa fast, flexible process, enabling you easily 
Bart to maintain your production schedules on both 


ving. drilling 


~ Chemua 
724. Cleaning and Finishing For full facts about important savings, send for bulletin, 
“Cost Reduction Thru Investment Casting.” Write: 


725. Cleaning Equipment i 

and Materials 3 Ve INC. 
Serie attractivel trated bullet , 4 
nee ng cleani proce legre ers, meta %, 


degreasing solvents ahd Yon BOSWORTH AVENUE, CHICAGO 14, ILL. 


1 pick 
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BRISTOL DYNAMASTER 


—the electronic master-mind for your temperature 
measuring, recording and controlling problems 


Vv 


V Continuous-balanc ing clectronic cir- V Full-scale pen travel in7,3o0r *; seconds 


cuit responds instantly to minute changes ' ‘ 
I V Chart speeds from in. per hour to 


V Al types of electric and air-operated 7200 in. per hour 


controllers offered V Multiple recorders up to 16 points 


V Available as a self-balancing bridge or 


¥ Components interchangeable and eas- 
potentiometer 


ily replaced on all Dynamaster models 


lrouble-free operation 


Vv Electronic component uses vacuum 
tubes available at any radio supply house 


¥ Immune to most vibration or shock 


V Exc epuonally unaffected by stray cur- 
rents (1000 to 1 discrimination). 


FOR DETAILED PROOF of thie sensitivity, versatility and re liability 
of the electronic Dynamaster, use the coupon or write for Cata- 
log P1245 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


THE BRISTOL COMPANY ca 
106 Bristol Road | teen, | 
Waterbury 20, Conn. ie | 


Please send catalog giving details of 
Dynamaster performance to 


NAME 


COMPANY 


ADDRESS 


CITY __ ZONE STATE 
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726. 


730. 
Eig 


Cobalt Alloy 
booklet, 


Combustion Control 736. Cutting Oil 


Continuous Casting 
tulog pert 


Refinir 


Continuous Sampling 


V-SOL che bes He $2-puge b 


le vt tains larger percentage 
t Gulf Oil Cort 


utting Oils 


ptive 


peed Bethlehem Steel 


x ( ( 
731. Copper Alloy Forgings 
I2-page booklet provides pract comp gM 
1 copper t-page tolder. Cleveland M 1 
King Til. Demine 
ihe American Brass Ce Folder on water eta laboratorie 
732 All T ind electroplater aco 
32. Copper ov Tubes 
t bating i es advantages and 
ture hydride positive d 
be Revere ¢ Bra ne. duPon 
743, die-C. 
wkiet giving specification 
fata and tall exp 
tion advantage 
Copper Co. THe Die asting Mae hines 
Ilustrated catalog show pl 
734. Corrosion-Inhibiting isting machines. Kux Machine 
Metal Waxes 75. Die Steel 
Data et terist 1 ay ature ible on Bethlehe 
tion method ¥ Headed Di Steel for high prod 


PRECISION CASTINGS NEED 
PRECISION-MADE INVESTMENTS 


But should the foundryman make his own in- 
vestments? This involves problems of selecting, 
buying, testing, storing and blending the many 
raw materials used to make investments. 

To avoid these problems and to obtain a better 
material to make better castings, we recommend 
the proprietary investments. 

These investments are precision-made for ferrous 
or non-ferrous casting. With these investments 
close tolerances can be held and fine surface 
finish can be obtained. 

Experienced manufacturers, equipped for volume 
production backed by continuous laboratory con- 
trols and research departments, make these in- 
vestments for us. The investments, which are 
mixed with water, are safe to store and easy touse. 
Our great volume of investment business assures 
you of the delivery of fresh materials — well within 
the recommended shelf life of the manufacturer. 
Our investments have a favorable quantity price 
scale. Let us advise you on the best investment 
materials for your production. 


ALEXANDER SAUNDERS & Co. 


Precision Investment Casting Equipment & Supplies 
95 Bedford St., New York, N. Y. WA 4-8880 


Will you have 
Broiled eggs or 
Flaccid Steel? 


If vou don't want vour chicken 
broiled before it’s hatched, or soft, 
flaccid steel instead of hardened, then 
you must maintain absolutely even 
temperatures, whether it's an incu- 
bator or a heat treating process 
From Farm to Factory, the necessity 
of uniform and accurate control of 
Temperature can be the difference 
between profit and loss 


Burling Temperature Controls have 
practically removed human error 
from controlling temperature. When 
vou have set the Instrument for the 
temperature vou need, the Burling 
Control takes over and holds the 
heat or cold where it should be 


Burling 


TEMPERATURE 


Controls 


within tolerances as close as \4 of 
1 per cent. Available up to 1800° F 
Burling Controls are made in three 
general types Electric, Pneumatic, 
and Valve, and in over a dozen mod- 
cls. Thev can be used equally well 
for controlling temperatures or as 
high and low safety cutoffs 


Burling Controls are simply and rug- 
gedly constructed, have practically 
no moving parts, and use no liquids 
or gases 


Prompt delivery on all standard in- 
struments 


Write for new catalog G-17, just 
off the press 


Burling Instrument Co. 
1 Vose Avenue South Orange, | 


Temperature Controls since 1935 
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735. Corrosion Resistance 
1 2-pragge y te Single-page techr d moot tactors affect. = 
the u ing resistance i sinte teel / 
Book let No, hist S 
737. Cutting Oils fj 
128. ( Flew tr ‘ ©) 
Smellin 
+-page n sorking job {in new 8O-page 
evice Cutting and Grinding Fact \ be 
K 


af — 


ay 


A REGULAR JOB 
FOR MIDVALE CRAFTSMEN 


When the job is big . . . the specifications exacting . . . and the 
quality to be unsurpassed . . . let Midvale do it. 

Press cylinders are one example of Midvale’s “extra” in service 
and quality. For years we have made press cylinders for our own 
huge presses . . . gained untold experience so we could make our 

Press cylinder pro- customers’ products better . . . built this “first-hand know-how” 
duced by Midvale for into the finest, most dependable cylinders industry can produce. 
11,000 ton capacity Midvale’s modern plants are equipped to make, shape, heat- 

plant in southwest. treat and machine parts for giants in all industries. Pressure vessels 
DIMENSIONS: for the petroleum and chemical industries . . . rolls for the paper 
=“ — industry .. . roll shells and rings for the mining and cement in- 
Length inside: ; dustries . . . weldless rings for turbines and gears . . . castings and 
icon ik Noel forgings for all industries. If the job is big and must be exact, let 

66 in. (* V4) ind Midvale engineers and craftsmen help you. 


Inside Diameter: 

THE MIDVALE COMPANY 

NICETOWN, PHILADELPHIA, PENNA. 


OFFICES: NEW YORK + CHICAGO «+ PITTSBURGH 
WASHINGTON + CLEVELAND + SAN FRANCISCO 
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716.) Electric Furnaces 
K et 474 ce king 
Detrowt Furnace 


TH. Electron Microscope 


described and illustrated in a 12-page booklet 
Radw Cor of Amerua 
718. Eleetropolisher 
trolyt polishing of metallurgical sample 
description of Buehlet-Waisman  electropolisher 
Buehler, Lid 
719.) Extruded Aluminum 
40-page illustrated brochure extruded 
sluminur tor molding ther applicatio 
Foungstown Manufacturing, In 
750. Fabricating Stainless 
{8-page illustrated booklet furnishes data ot 

pes of tabricati Includes machining 
pickling and welding Republu Steel Cor 
751. Fabrication 

ited describe lit ie 

jefense prime tract sub 

tr tw k Charle 7 Brand In 4 
752. Finishes 

New 4-page two-color bullet ibe 
de the entire | lrid 
er \ \RP 
imium plating and pecialtie Alle 
Research Produ 
753. Flow Meters 
Catalog C-12 give mplet ' 
' ries tor measuring pressure nd 
lifferential pre 1 gases. Mertam 
In rumen 
754. Forging Steel 
Bulletin 31 furnishes help 

rging problet ind include pecih 
data on chemical position t 
Timken Roller Bearing Co 
755. Forgings 

Cat GI Nustrat 1 
756. Forming 
br tu ( 1. Dad 
757. Furnaces 
435 describ 
Ga ext Muffle or direct heated. WW 
758. Furnaces 
lescribed in Bul 1051. Type let 
ealing, forging and general heat treating. Harper 
Furnace Corp 
759. Furnaces 
Catalog W-2 for denis 
wrdening equipment Model V3 
ind Model 2V. Sentry 
760.) Furnaces 
bolder ce tne 
radiant tube gas heated 
Furnaces 
H ben race 
lening produectior ure 
Duty Electric 
762. Furnaces 
Fight n ga elect 

‘ ed d bat 
t et Despatch Oven 
763. Furnaces 

ew all-purpose lescribed bulletir 
1 be used b g. mitriding 
Ir ling, brig and urd 
( 

Tot. 
Marshall tub 


d 
765. Furnaces 
16-page booklet “Pr Heat-Treating Eth 
containing attractive color illustra 
mplet Lofiu 


766. 770. Furnaces, Melting 
Comy low av t le talog on Heroult gantry-type elects 
K naces designed nted root-ring t ! 
b 1 all tor we 
imerican Bri 
! ‘ 
ene Gages 
sul BG-MP describes hig 
$8-page iustrated H Heat idiation gage 1 tor thick 
le 14 type 1 elect Cars ¢ hick ! 
768. Furnaces, Annealing 772. Galvanizing 
Hlustrated booklet continuous vertical striz Reprint “Modern Hot-Dip Galvanizing” deal 
imealing furnaces both single ind multiple with ar ition a suse cine “ aste 
ame he Detailed i rmation on sammomum chloride 
The Drover ¢ type of flux. Manson-Van Winkie-Munning ¢ 
769. Fi ' ‘es i s 
irnaces, Continuou 773. Gas Analyzer 
Folder of performance and cost data on radiant indicating and recording flue gas analyzer whict 
tube and roller heart! irnaces tor heat treating give ntinuert ecord of combu 1 
The mmery Vinne dis-Hone ell Regulator 
~ 
e 
Gas 


en ly 


COW 


SERIES “LP” 


AIR-GAS 
-PROPORTIONA 


YOU HAVEan impfop- 
erly designed low- 

pressure mixer, up- 
and-down fluctuations of 
excess air Or gas mean seri- 
ous efficiency losses for you. 


In comparison the McKee 
Eclipse L-P Mixer soon pays 
back its own cost in fuel 
savings and increased com- 
bustion efficiency, by auto- 
matically providing correct 
mixing at all times. 


You control the air flow only, 
with the McKee L-P Mixer. 
The gas is entrained automat- 
ically and constantly mixed 
with air in correct gas-to-air 
Y 5883 


MIXER 


For oir pressures 
from 2 oz. to 
4 ibs. and gas 

ot 4" 0 B we 


ratio. With the single-valve 
control you do not need to 
“juggle” gas and air valves 
as heat requirements change. 


This blast mixing device has 
a successful performance rec- 
ord over more than a third 
of a century. Many leading 
oven and furnace builders 
incorporate it in their design, 
for maximum efficiency. 

For more details, engineering 
and application data, write 
for Bulletin L-300, or see 
Sweet's Product Designers or 
Process Industries Catalogs. 


Representatives in All Principal Cities 
Tesi 
| 
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Cold Form Steel 


HOSPHATE 
COATINGS 


EXTRUDITE PROCESS 


interlocks lubricant with work surface! 


The Extrudite Process opens the door to faster, 
less-wasteful cold forming of steel and other 
metals. This Detrex development chemically inter- 
locks a dry, heat-resistant lubricant to the work 
surface . . . metal-to-metal friction is prevented 
even during the most severe working conditions. 

Savings are tremendous on operations such as 
wire and tube drawing, deep drawing, cold head- 
ing and room temperature extrusions. To name but 
a few of the benefits; operations are speeded up 
on present equipment, tooling lasts longer, parts 
are produced with less scrap and many process 
anneals and chemical treatments are eliminated. 


Details of the Extrudite Process 
and its advantages are con- 
tained in this informative bul- 
letin. Send for yours today, 
there is no obligation. 
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The Extrudite Process consists of a special phos- 
phate coating which becomes integral with the 
work surface. Then a compatible lubricant is ap- 
plied which drys to a tough, crystalline lubricating 
film. Thus the treated metal is clean and easy to 
handle. 

If you are now performing or considering cold 
forming operations, the Extrudite Process should be 
investigated. Detrex Corporation, Box 501, 
Detroit 32, Michigan. 


ALKALIES AND EMULSIONS WASHERS DEGREASERS 
METAL COLD FORMING PROCESSES @ DEGREASING SOLVENTS 
RUST PROOFING PROCESSES 7 DRYCLEANING EQUIPMENT 


IE RE sth 
ei weit amazing new ease. 
| 
2 / 
STEEL 
7 


774.) Gas 
Bulletin 1212 


( 


Carburizer 


rundum 


TBH. Heating of Plating Baths 


and describes No. 4 
rotary carburis e with small p 
G Furnace ( 

775. Gear Hardening 
Folder on applicat nduct he Kt 
gh-prod udening of gears. Westinghouse 
ble 
776. Graphite Electrodes 
Vest-pocket tebook taining 
nat ¢ electrodes and ot her 
bon produ Great Lakes Carbon Cor 
777. Grinding Titanium 

Artich grinding wheel ind technique 
Grit 1 Grind Norton ¢ 
778. Hand Pyrometer 
Data sheet GEC-836 hand pyromet 

le range Oto 500 ond Oto Gener 
hlectr ( 

779. Hardfacing 
New wall chart which details the proper hard 
rod lmer Maur 
Steel D 
780.) Hardfacing Rods 
Five bullet ot Gombe 
1 tacing a ds. Equipment 
Hardness Tester 
K DH-114 
ded t t DH 
t n Me 
rument ¢ 
782. Heat Exchangers 
dmerican D 
Nicam ¢ 
783. Heating Elements 
Bulle H gives de rmat \1 
hing 


785. Heat Treating G A L L 
Catalog 116 t page t 
braving. CONTOUR MEASURING PROJECTOR 
786. Heat Treating Measures, Compares, Inspects 
Handy vest-poc ket d bo pages of and Photographs the contours 
one and surfaces of mechanical parts. 
lustrial Furnace e 
Ex gers provide better et Galileo line of 
HARDNESS TESTERS, 
normal and 
788. Heat Treating superficial 
789. Heat Treating 
10-page b \ tie rt t treat METAL POLISHERS 
and PORTABLE 
METALLOGRAPHS 
790. Heat Treating UNIVERSAL RESEARCH 
ome TOOLMAKERS 
791. Heat Treating MICROSCOPES 
Booklet describe d 
MICROSCOPES 
792. Heat Treating LATHE MICROSCOPES 
Atmospheres 
Imported and serviced by: 
bastion Cor OPPLEM COMPANY, Inc. 
793. Heat Treating Baskets 352 Fourth Avenue 
d carburizing boxes are described in catalog 16 
Cor 
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an We introduced our No. 470 to meet 
the often encountered need for a 
medium pH cleaner, following sol- 

a vent degreasing or other pre- 
ra cleaner. It is used either as a soak 
a or an electrolytic cleaner. Its great 
versatility is undoubtedly the 
explanation for the spectacular 
sales growth of No. 470. . . Send 
for complete information and 
24 page brochure that describes 
all NORTHWEST Products . . . 


1951-1952 
growth of NORTHWEST CLEANER 
Number 470...in Sales Volume 


oo 0 


| 
»/ 
— 
4 
7 
4 
| 
| 
| — 
Lot | «9310 ROSELAWN 
pioneers in pH cleaning control—serving you sit 


High Temperature Alloys 
High Temperature Work Sheet 


791.) Heat Treating Fixtures 


Pre 


795. Heat Treat 
bulleti 


T-205 


Hydraulic I 
t 4 Pract 


indle odd 


74 Royal Flush Wa 


ing Pots 


standard 
hapec 


Allows D1 


|| 


ae WIZARD ------- 


DARWIN & MILNER’S 


PRK33 Cobaltcrom - 


Cor 
DARWIN & MILNER'S 
Identifying Metals and 
Alloys 

Booklet of procedure rapid identifies 

DUMORE.- - - - 
eatin ( 
799. Identifying Stainless Steel 

Cardboard t “out tematic method 

stock 

800.) Induction Heating 

Catalog MP-4 de le hig jues 

lu ‘ brazing. hardening 

te Le ii 
Freqs 
BOL. Induction Heating 

ie 
Cor 

802. Induction Heating 


B03. 


Bet. 


Industrial Planning 


nduction Melting 


trol 14643 MEYERS R 
3731 W.H 


DETROIT 27 
sHLAND BLVD 
1053 CUSTER DRIVE 


TOLEDO 12, OHIO e EAGLE R 


Oil Hardening Die Steel 

Good Machinability, Minimum Deformation 
Unbreakable Tool Steel, Truly 
“Unbreakable to the Maximum” 


Air Hardening Die Steel 
Maximum Production Runs 


Original High Carbon High Chrome 
Maximum Production Runs 

Air Hardening 

For Utmost Safety in Hardening 


There's a ZIV STEEL Warehouse or representative near you. Call 
on your nearest one for prompt, courteous and dependable service. 


FRE nm SEND FOR NEW TOOL 
STEEL CATALOG. 


ESTABLISHES 


19" 


2945 W. HARRISON STREET + CHICAGO 12 ILL. 
BRANCHES 

MICH 

MILWAUKEE 8, WI 


© 1617 N. SEVENTH 


© 633 FULTON ST 


TREET, ST. LOU 
INDIANAPOLIS 9. INI 
VER, MICHIGAN 


Crankshaft 


CARL-MAYER 
OVENS, FURNACES 


805. Tostruments 
rane ino a IN PLANT OF LARGE MANUFACTURER OF 
‘ AUTOMOTIVE AND AIRCRAFT PARTS 
TO SOLVE HEAT TREATING 
Instruments PROBLEMS. Designs have origi- 
m Peck uments ¢ nated here for every type of heat 
808. Lron. Ductile treating ovens and furnaces — 
from the furnace shown here for 
the aging of aluminum castings 
809. Laboratory Furnaces to high-temperature completely 
Seri ects tor automatic furnaces to conserve 
‘ valuable man-hours. Tempera- 
810.) Lubrication. tures up to 2,000 deg. F., using 
Metalworking : gas, oil and other fuels. 
Be sure to consult Carl-Mayver — on 
( ( your very next heat treating problem. 
811. Magnesium 
b2-page booklet propert t 
$12. Magnesium Die Castings 
Book, “How Magnes Pays". give ‘ 3030 EUCLID AVE.:--- CLEVELAND 1I5,OHIO 


(hem 
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Since machining is probably the most widely used 
method of producing hollow parts from steel tubing, keeping 
well-informed calls for periodic review of the characteristics 
of tube machining operations and new developments in this field. 
A new slant on types of tubing, grades of steel, mechanical 
| ’ properties and dimensional tolerances could show you 
et S take a closer look the way to reduce overall time and costs. 
Because B& W’s long experience has proved the value of 
at our MACHINING never-ending investigation to find new uses for tubing’s adaptability, 
y B&W keeps reminding people who work with metal that tubing 
is more than bar stock with a hole in it; it is a semi-finished product. 
REQUIREMENTS If there’s a machining question on your mind these days, 
why not drop us a line? Tell us end-use of the mechanical tubing, 
OD, ID, and length of finished part, method of chucking and 
sequence of machining operations—description of finished 
product, dimensional accuracy and type of surface finish required. 
Send along a print if you like. 
The B&W Technical Staff will supply objective recommenda- 
tions and, if you desire, your regional B& W Tube Representative 
—Mr. Tubes—will step in to help interpret your needs 
to the home office. Builetin TB-324 gives an idea of what 
can be done with fine tubing. Write for it. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


General Offices & Plants 
Beaver Falls, Pa.—Seamiess Tubing; Welded Stainless Stee! Tubing 
Allionce, Ohio— Welded Carbon Stee! Tubing 
Sales Offices: Beaver Falls, Po. * Boston 16, Mass * Chicago 3, il! © Cleveland 14, Ohio 
wer}, Colo. * Detroit 26, Mich * Houston 2, Texas * tos Angeles 17, Col. * New 
York 16, N.Y. * Philadelphia 2, Pa. * St. Lovis 1, Mo. * Son Francisco 3, Cal. © Syracuse 2, N.Y. 


Toronto, Ontario * Tulsa 3, Okla. TA-1680M 
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CONTROL 


| 


STRAIGHT “on-off” contral | 
LIME 


with Capaciline / 


Get Model 252P Capacitrol—and get improved 
instrumentation! Wheelco Capacitrols are now 
available with Capaciline—giving you built-in straight- 
line control! This simple and economical electronic 
indicating controller may be applied to obtain 
results equal to most high-cost proportioning 
systems. Whatever your temperature problem— 
whether it's heat treating, melting, brazing, molding, 
forming, etc.—it will pay you to buy the Wheelco 
Capacitrol-Capaciline. It is available for use 

at temperatures up to 3600° F. 


The Capaciline Model 660 accelerator may 
be purchased separately os a self-contained 
unit for use with any Wheelco Capacitrol 

or any other two position pyrometer controller. 


Write today for Bulletins PC-1 and Cl-1—ask too, for the 42 page 
Thermocouple Data Book and Catalog—it's filled with complete in- 
formation, facts and charts covering all types of control accessories. 
Wheelco Instruments Company, 835 W. Harrison Street, Chicago 7, lil, 


wheelco 3 


Manufacturers of Capacilog strip chart recorders, 
Flame-otrol combustion safeguards 


. 
i 
as | 
oe 
wheelco capacitrol-capaciline | 
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813. Marform Deep Drawing 
Catalog No. L-79-041 describes pressure control 

mechanism for use in the Marform deep drawing 

process Ot Construction Co, 


814. Metal Cutting 

New 64-page catalog No. 28 gives prices and 
describes mplete line of rotary files. burrs 
metalworkir saws and other products Martin 
dale Electric Co 


815. Metal Finishing 


New check list available on sixty products and 
es for metal finishing. including a new acid 
agent. a cleaning and pickling agent 
4 new complete inhibitor and a new 
itive compound. Enthone, Im 


Metallograph 

Revision of catalog will include the new metal- 
lograph with polarizing and phase attachments 
Now in preparation for early release. American 
Optical Co 


Metallographie Polishers 
eray 


Bulletin 90 shows various models of metal 


lographic specimen polishers. Eberbach Corp 
818. Metal Spraying 

Metallizing —— What It Is, What It 
Does in current issue of The Metallizer 
Metallizing Co. of America 


819. Metalworking Lubricant 
Data sheet on solid waxes in stick form for use 

is lubricant in sawing. threading. drilling. tapping 

‘pinning and grinding. S.C. Johnson & Son 


820. Micrographic Equipment 

6-page bulletin on a universal camera microscope 
giving plate magnifications from 4 to 3000 
Full details on optics and accessories included 
Opplem Co 


821. Microscopes 

Well-illustrated 22-page booklet on Dynoptic 
Labroscopes, teaturing ball bearings and rollers 
throughout the focusing system as well low 
position fine adjustment with low controls that 
enable the operator to manipulate other controls 
more easily. Bausch & Lomb Optical Co 


$22. Modulus Determination 
Data sheet on equipment for determination of 

modulus of elasticity by sonic method that meas 


ires resonance frequency of masses weighing up to 
1500 Ib. Electro Products Laboratories, Inc 
23. Moly-Sulfide Lubricant 


50-page booklet listing 154 applications tor 
Moly-sulfide lubricant with specific information 


m each. Climax Molybdenum Co 
$24. Nickel Alloys 

Booklet, ““Hastelloy Nickel-Base Alloys’, gives 
full details of their use tor tabricating corrosion 


resistant screen, cloth and baskets and for metal 
spraying and hard facing aynes Stellite Co 


$25. Nondestructive Inspection 

Data available on electronic inspection equip 
ment, demagnetizers and comparators for sorting 
Magn nalysis Corp 


826. 


Photography 
Catalog Kodak Sensitized Materials for the 
Scientific and Industrial Laboratory”, tells of 
pecial films, plates and pellicles, transmission 
curves of filters and filter combinations commonly 


hy. Eastman Kodak 


used in photog 
827. Piercing 
ilator of the slide-rule type tor determin- 
ing the required pressure (in tons) for piercing a 
given size hole in any thickness and type ot metal 
Ward Machinery Co 


$28. Piping and Tub 

New 68-page book is a practical treatise on pipe 
and tube making, answering many pertinent ques 
tions on tube mill operations and production 


Plating Barrels 

4-page folder illustrates and describes equip- 
ment designed to handle any barrel plating problem 
juickly and easily with a unique contact arrange- 
ment for maximum current distribution. Damntel 
Plating Barrel & Supply Ce 


830. Plating Rectifier 

Booklet 127 describes d-c. power requirements 
for electroplat electropolishing and electro- 
cleaning Equipment recommendations; descrip- 
tions, drawings and photographs of company's 
line of selenium rectifiers Bart-Messing Corp 


831. Potentiometer, Portable 
Bulletins 270 and 270-A_ describe portable 
potentiometers in a selection of ranges up to 
1.6 volts. Rubicon Co 


$32. Pots 

Bulletin N-1 tells of pressed steel pots for lead 
salt, cyanide, oil tempering and metal melting. 
Edipse Fuel Engineering Co 


833. Power Brushes 


New 76-page catalog No. 210 simplifies selection 
of power brush for the individual job; contains 
numerous colored illustrations of various types of 


brushes in operation 


834. Precision Casting 

12-page. illustrated booklet on precision casting 
with emphasis on the most widely used equipment 
and supplies. Check list of applications in various 
fields included. Alexander Saunders & Co 


835. Precision Castings 
Illustrated folder, “Cost Reduction Through 


Investment Casting’, shows diversity of parts to 
which process applies Casting Engineer Inc 


Oshorn Mfe. Co 


Presses 

Press owner's manual contains complete 
erating and maintenance instruction tor latest 
design straight-side double-crank presses. E. W 
Bliss Co 


837. Product Information 
Entirely new “Product Information File” in- 

forms, comprehensively, on time-tested industrial 

getmicides and fungicides Tells how to bring 

effective, economical microbial control to plants 

The Dow Chemical Co. 


> 
838. Protective Chemicals 

Quick reference list of rust proofing. paint 
bonding and metal protective chemicals is intended 
tor all fabricators of steel, zinc and aluminum 
products American Chemical Paint Co 


839. Protective Coating 
Bulletin 600 on phenolic coating resin for pro 
tecting steel against corrosion. Carholine Co 


840. Pyrometer 
Catalog No. 180 gives details about surface 
pyrometer which gives surface and subsurface ten 
perature readings Pyrometer Instrument Ce 


841. Pyrometers 

Bulletin GEC-713 and Bulletin GEC-714 de- 
scribe line of pyrometers and thermocouples 
General Electric Co 


812. Pyrometer Wires 

Chart of color codes, calibration symbols, thermo 
elements of thermocouple and extension wires tf 
ISA, U.S. Military and Aeronautical specifications 
Thermo Electric Co., Ine 


Quenching Oil 

New technical bulletin F-8 describes triple- 
action quenching oil. Accelerators provide deeper 
hardening and reduced distortion Park Chem: 
cal Co. 


844. Quenching Oil 

Booklet, “Sun Quenching Oils’, tells of adwan- 
tages of this line of oils for use in the quenching 
process. Sun Oil Co 


- . 
815. Radiography 

Bulletin 400-310 on self-contained X-ray unit 
for mass production inspection of parts. Westing 
house Electric Corp 


816. Radiography 


18-page booklet describing company’s line of 
industrial X-ray units in range of power up to 
one million volts. General Electric X-Ray Corp 


8147. Recording Meters 
New 28-page bullet E-1111 describe 
500 recording voltmeters and ammete 
special emphasis on newly-developed 1 
measuring mechanism Complete data or 
and specificati 
and portable use. Bristol Cc 


818. Refractories 


Revised bulletin entitled “Lumnite Re 


Concrete” discusses latest available inf 
on refractories and heat-resistant neret 
nile Di Universal Atlas Cement Co 
819. Refractories 

Form 1409 descr s th ne Nort 


stabilized zircon 


s and ap 
data. Carhorundum Co., Refractories Div. 


New 12-page illustrated br 
casting special 
for gunning and 


for ices th 


16-page bulletin Ne 


properties and 


853. 


36-page catalog and buyers’ guide 


Resistance Thermon 


line of resistance thermometers. Include 
tabular guide to selection. Leeds & Nort 


854. Resistance Welding 


6-page brochure “Spot and Seam We 


Aircratt Construct atures Northrop 
applications Scsa Ine 
855. Rhodium Plating 


Directions for rhodium plating. with p 
reference to its use as replacement tor t 
plating metals. Baker & Co., Im 


- 
856. 
Technical information available on z 


pha pe rust preventive conforming t 
specifications American Chemical Paint 


857. Salt Spray Test Cab 

Illustrated bulletin describing test cab 
forming to Spec. QQ 1S5la tor corrosio 
in salt-tog or humidity-laden atn 
trial Filter Pump Mfg. Ce 


$58. Saws 


Catalog 49 describes 
cutting saws, covering 35 models in ¢ 
types, including fast, automatic prod 
hydraulic hack-saws and widely used 
saws irmstrong-Blum Mfg. Ce 


859. Silica Ceme 
Illustrated tolder on use 


laying silica brick in varic 
Hartison-Walker Refractories Ce 


Rust Preventive 


ysphere 


omplete line « 
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FUEL-FIRED OR ELECTRIC 


HEAT TREATING FURNACES 


FOR UTILITY AND PRODUCTION — HARDENING, TEMPERING, 
ANNEALING, NORMALIZING, STRESS RELIEVING, 
ALUMINUM TREATING, ETC. 


TEMPER 
2,000,000 ths. 


More Work 
A Year 


Using Less Floor 
Space Than Any 
Convection or Other 
Draw Furnace Built. 


Uses 25% less gas. 


> Let Your New 
Furnace Pay For 
itself In Four 
Months Through 
Increased Produc- 
tion. 


Improve Sur- 
face Appearance 
and Quality... 
Avoid Excess Scale 


Claims are based on 24-hour a 
day tempering at 1000° F. loading 
75 pounds a cubic foot. Denser 


nd "B d”’ loading improves RADIVECTION 
Work. Advonoge. 
Write for Verified Performance Charts . . . 


and Names of RADIVECTION Users 


STANDARD AMERICAN ENGINEERING Co. 


7851 W. 43rd Street, Lyons, Illinois 


NOW 
~ 
—- 
by 
Is in ten basic 
production saw a 4 
ilica cement in 
pes of furnaces 
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860. Silicone-Base Finish 
New brochure on silicone-base heat-resistant 
tinist s no read) Midland Industrial Fin 


hes 


861. _Solde ring Aluminum 
Articl chn iat 


862. Solde ring Equipment 
&-p 1 soldering and brazin 


f America 


Spe ctrographic Analysis 
spectrographic analysis 

y rent issue 
plied Research 


864. 
Bulletin 
photometer fo 


‘Gave 


865. Spring Steel 

Handbook describe rious =pring steels and 
gives tolerance tables he at treatment and physical 
property tables and fabrication data. A. R 


Purdy Co., In 


866. Spring Wire 
Detailed Pi 
pring wire to 
ind twisting 


Sivei 


867. 


Stainless aastings 


Stainless Steel 
y lists with analyses 
st data. G. O. Car 


hure on variety stamping= 


Shearing 4 


The Commercial 


870. Stampings 

wn ‘ ins reprint of paper on 
Techniques Can Help 
img Ce 


Aircraft 
ait Steels wklet which 
“ ist, 1951 
carried in 


Steel, 


872. Steel Bars 


275 difterent grades of stand 
teel bars shows chemical 
aSalle Steel Co 


twice the 


cole plus the 


loads 


874. Steel, Low-Alloy 
Well-illustrated 8-page folder on N-A-X 
alloy steels lists physical properties and 
specifications. Great Lakes Steel Corp 


875. Straightening Presses 
Folder on hydraulic straightening presses with 
capacities up to 25 tons. Anderson Bro 2. Co 


876. Stud Welding 


12-page manual prepared to aid desig 
production engineers in the fast, ecor 
tion of fastening problems. Specifi 
tion guide included Nelson Stud 
877. Temperature Controller 
sheet on compact input controller 
potentiometer, which can be 
current input anywhere trom 5 to 
Thermo Electric Manufacturing 


878. Temperature Controls 
New catalog G-17 describes temperature control 
instruments. Burling Instruments, Inc 


Temperature Regulator 
giving complete specifications of elec- 
operated two-position, on-off temperature 
regulators. Barhber-Colman Co 


880. Pesting 
Bullet «chanical and n 
ing and t 
cedure set 
tion American Standard 


881. Testing Machines 

Eight-page folder illustrates 
machines for tests in tension, co 
hear, fatigue, bending 
bulletins on wear testing and testing of 
samples. Buehler, In 


882. 


current 


Thermocouples and Py- 


rometer Accessories 
56-page book comprising a User's Manual 
Buye Guide with specifications 
ind thermocouple calibration data 


883. Thermometers 
New catalog 6020 describes com; 
» time-ten iperatt ire con lo 
Describes 


model absorption 
tor the determination 
sheet materials. Tracerlat 


885. Tools, Stellite 


Fool manual italog ‘describe 


~cting right to« 
operations. Haynes Stellite ¢ 


886. Tool Steel 

Circle “M Star-Mo an n Chip are three 
high speed steels describe 1 tolders covering 
mechanical and heat treating ta and applicae 
tions irth Sterling Steel & Carbide Cort 
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887. Tool Steel 


86-page pocket-size handbook « application 
and heat treatment of 27 er rade of toc 
steels. Ziv Steel & Wire Ce 


888. Tool Steel 

Information on Warplis products 
and price tolders will be sent on re 
with name of nearest distributor 
Tool Steel Wire (¢ 


Tool Steel 
Stock list of available 
Reliahle Steel Co. 


890. Tool Steel 

Service tins, issued regularly 
tion on 1 
Carpenter Steel 


891. Tool Steel Selector 

Handy. clearly printed, easy-to-use 
selector will be furnished on request 
Steel Co. of America 


892. Tube Fabrication 
Concise case histories, production stor 
equipment descriptions on tube ftabricatior 
Pine Engineering News Pine Engineering 
Ine 


893. Tubing 

42-page “Handbook on Cold Drawn 
Welded Mechanical Steel Tubing 
essing. utility and types 
usetul tables Puttshurch Tube Ce 


894. Tubing 

For full information on analyses 
duction lir omn 
designations ar product 
tubing. send 
Tube Co 


895. Tubing 
New illustrated ca 

tion of elec 

Useful engine 


896. 
A chart coy 


resistance wel ted t ther ng pr 
Babcock & Wilcox Tube 


897. 


descriptions 
for bulletir 


f size 


Purbo-Compressors 
tin No, 107-4 
engineer 
» compressor, listing re than 160 stand- 
i Spencer Turline ¢ 


898. 

Commercial s ices using 
reflectogage scribed in bu 
Sperry Produ ne 


pe anc 
50-105 


899. Vacuum Metallurgy 


Bulletin et ed “National Researcl ip 
wiel resume 


Weld-Rod Stabilizer 


Four-page etin on low-hydrogen elect 
tabilizer Im = complete specihcations 
pany = equipme tor dehydrating mineral shielding 
on low-hydrogen electrodes. Fred C. Archer, Inc 


901. Weld-Through Sealer 

Data sheet and sample of sealer that re 
heat and pressure of spot welding thout 
tering and rning Minis 
facturing € 


902. “We ‘Iding 

New illustra ted describes 
wires f Iding oO 
trations of apy Reducty 


903. We Adi ith Bronze 
Eight-page reprint Jobs 
mze Electrodes 


901. Wire 


Catalog 100 lists grades. sizes and « 
standard wires ar pecialties 
wire and bookbin titching wire 
Wire & Mfe. Co 
905. Wi ire, . Nonferrous 
wire Rage 


906. X- Ray Apparatus 


Illustrated booklet descr 


fraction ¢€ with it 


needs of ch application Genera 
907. X-Ray Inspection 
400 520 on jib-crane it 
re horizontal and verti 
standard | tubestand are inadequate 
Electric Corp 


tials de- stock size 
Reynolds rest, along 
knd 
and c- tool and die steels 
sh dering 5 
ind brazing. M CO. 
863. d give informa 
y Article to ent and use 
t zine 
Spectrug 
B-211 illustrates junior-size spectro 
r identifying and measuring solution 
Scientific D 
lance with pro- Butt 
Standards Associa- proc 
Bureau, Inc. Mar 
tsburgh oil tempered 
ng. knotting, forming 
torsion, tilable, pro 
4 Separate es, temper 
“Alloys in 1 32. Superior 
Ge Cooperland Lewis Carrol 
‘ The Cooper Alloy Foundry Co 
talow shows tyr 
868. ts and 1 tbing 
Week ill plates in stock pri The 
869. Stampings 
Ilustrated mpact approach company 
by company perations such as 
bine x inctions trom a standard B 
sized instrument cast Minnea polis-Honeyvwel in pr 
Regulator Co the t 
4 1 1 brochure describes two 
j includes revisec Inc. 
\lso sizes and anal ‘ 
Gives physical \ tthe 
7 erties of alloys to vac kground 
a, ird " tor various cutting ot this compa ind of the researc ind develop 
lurgist Nation Research Cort 
873. Steel. Low-Alloy 
Te. ib lity to stand up under impact TH Inland 
at- 
head and 
« 674 702 730 758 786 814 842 870 898 ‘ 
eg 676 704 732 760 788 816 844 872 900 With 
aS 677 705 733 761 789 817 845 873 901 + and 
ee). 678 706 734 762 790 818 846 874 902 cho t electrod welding various 
Bey 680 708 736 764 792 820 848 876 904 Metal, In 3 
pee 681 709 737 765 793 821 849 877 905 > 
oe 682 710 738 766 794 822 850 878 906 ee! 
rece 683 711 739 767 795 823 851 879 907 positions ‘ 
ee 684 712 740 768 796 8294 852 880 7 as flat : 
‘ae 685 713 741 769 797 825 853 881 Seneca 
ae 686 714 742 770 798 826 854 882 
ie 687 715 743 771 799 827 855 883 
688 716 744 772 800 828 856 884 
sa 689 717 745 773 801 829 857 885 : ree 
690 718 746 774 802 830 858 886 
691 719 747 775 803 831 859 887 . 
692 720 748 776 804 832 860 888 aluminun 
i 693 721 749 777 805 833 861 889 
ea 694 722 750 778 806 834 862 890 ; 
F. 695 723 751 779 807 835 863 891 a 
ia. 696 724 752 780 808 836 864 892 ay 
cor 697 725 753 781 809 837 865 893 fm 
: 698 726 754 782 810 838 866 894 ric X-Ra 
ae 699 727 755 783 811 839 867 895 ; 
ae 700 798 756 784 812 840 868 896 | 
701 729 757 785 813 841 869 897 
tr ivels of 
Westinghouse 
an 


Rex" High Speed Steels 
Peerless Hot Work Steels 
Halcomb 218 

Chro-Mow 

Sanderson Carbon Tool Steels 
Ketos © 

Airkool Die Steel 

Airdi © 150 

Nu-Die V Die Casting Steel 
CSM 2 Mold Steel 

La Belle® Silicon =2 
Atha Pneu 


“7 Think of tool steel — think of Crucible! That's the reputation we've 


SPECIFY 

YOUR TOOL STEELS 
BY 

THESE 

BRAND NAMES 


had for over half a century with our tool steel users. We've never 
stopped working to maintain our leadership . . . leadership that has 
kept us the country’s number one tool steel producer, 


Crucible research and development continues to match Industry’s 
need for new and improved tool steels. You can profit from the 
experience gained by Crucible in the application of tool steels to 
thousands of uses. Our metallurgical service is freely available to 
you ... and our conveniently located warehouses maintain a full 
supply of tool steels for prompt delivery. 


SEND TODAY for the unique Crucible Tool Steel Selector — a 


twist of the dial gives the tool steel for your application. 


Crucible Steel Company of America 

Dept. MP, Chrysler Building, New York 17, N. Y. 
Nome_ 

Compony 


Address 9” diameter, 


3-colors 


first name in special purpose steels 


52 years of Fine | steolmaking 


CRUCIBLE STEEL COMPANY OF AMERICA 


TOOL STEELS 


TOOL STEEL SALES SYRACUSE, N.Y 
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TITANIUM ALLOYS, produced by TAM, are 
used successfully as deoxidizers and stabilizers and as a source of 
titanium in steels and alloys. The experience gained in their 
development and use is available to you through our field 
staff and laboratory. It’s yours by simply writing 
our New York City office. 


*TAM and ZIRCONITE are registered trademarks 


METAL PROGRESS; PAGE 34 


TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Offices: 111 BROADWAY, NEW YORK CITY 
General Offices, Works and Research Laboratories: NIAGARA FALLS. N.Y 


\ / NO \ A 


Because TIMKEN’ forging steels 
are uniform from bar to bar... 


OU can be sure of uniformity from bar to bar 
and heat to heat when you use Timken’ forging 
steels. That's because the quality of Timken forg- 
ing steels is rigidly controlled from melt shop 
through final inspection by the most precise methods 
known. 
Because every analysis of Timken forging steel has 
uniform forgeability, with superior surface and internal 


YEARS AHEAD THROUGH EXPERIENCE AND RESEARCH 


quality, you get better and more uniform finished prod- 
ucts. Rejects, delays and changes in shop practice 
are reduced. 

For help in cutting your forging production costs, 
consult our Technical Staff. Write us today for our 
“Technical Bulletin, No. 31". The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable address: 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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and from heat to heat... 
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you get uniform forgings! 
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MAE cad FUEL BILLS 
CUT FURNACE TIME ond F We 
/T FURN LIGHT-WALL RADIANT TUBES 


As a leading supplier of tubing to Light Weight Neat-Treating Equipment for Every Purpose 


builders and users of radiant tube furnaces, Pressed Carburizing and Annealing Boxes Tumbling Barrels . Tanks 


Steel Company's assemblies dependably furnish such Baskets - Trays - Fixtures Cyanide and Lead Pots 


general features as compactness, removability, uniform Muffles - Retorts . Racks Thermocouple Protection Tubes 
Annealing Covers and Tubes Radiant Furnace Tubes and Parts 


heating over tube length, etc. The distinctive feature Pickling Equipment eat, Corrosion Resistant Tubing 


of PSC radiant furnace tubes is their light-wall con- 
struction. Installation records repeatedly show that 
this feature effects marked economies in fuel and 


furnace time. Our “light-wall” construction is based 
on a quarter century's experience in precision fabri- 
cation of sheet alloys. 


TUBE ASSEMBLIES FOR EVERY PURPOSE 


Tubes for all types of radiant furnaces. We specialize ay, | 


in secondary burner tubes for highest temperatures. 


Let us show you how PSC We precision assemble the most complicated designs of 


light-wall tubes cut mainten- radiant furnace tubes. Send blue prints or write as to your needs. 
s We fabricate heat-treat units from the complete list of alloys. 
ance and furnace time. You can choose the metal that is “alloy-right” for your needs. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
xk * OFFICES IN PRINCIPAL CITIES *« 
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Thirty five years ago the Spencer 
Turbo was first specified by a furnace 
manufacturer. Since that time, the list 
has grown to more than thirty—all of 
whom are Spencer users today. 


The reasons they prefer Spencer are 
the absolute reliability — perfect per- 
formance and low maintenance over 
long years of almost continuous service. 

Complete information in Bulletin No. 


126-A. For other industrial uses, ask for 
Turbo Date Book No. 107-C. 


\ 
om’ QO ov 


35 TO 20,000 C.F.M.; 


THE SPENCER TURBINE COMPANY * HARTFORD 6, CONNECTICUT 


1S 


PENC 


HARTFORD 
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BURRELL CORPORATION 
offers 


FURNACE 

LINE 


.. equipped with 


GLOBAR 


Heating Elements 


These new Burrell furnaces incorporate 


the best features of previous dual pur- 
pose models with additional new features 
such as the pull-out control panel shown 


here in opened and closed posimon 


As a pioneer in the development ot lab- 
oratory turnaces, Burrell was one of the 
first to realize the advantages provided 


through the use of GLOBAR silicon carbide 


compact Burrell Unit-Package furnaces 


are simple to operate and give long, 


trouble-free service. Heating up ume ts 


fast working temperatures can be 


changed, up or down, to suit the job. The 
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heating elements. The present line of 


GLOBAR elements are engineered to size 
and number to give most efficient serv- 
ice. They can be replaced speedily, from 


the outside, without cooling the furnace. 


Burrell’s experience is typical of many 
other manufacturers who have found 
that GLOBAR heating elements are excel- 
lent for a variety of diverse operations 
where they prov ide advantages in furnace 
design, construction and performance. 
We will be glad to send you complete 
data on GLOBAR elements upon request 
to Dept. MP 87-106, GLOBAR Division, 


The Carborundum Company, Niagara 


Falls, New York 


For information on the new 
Burrell furnaces, address your 
inquiries to Burrell Corporation, 
Fifth Ave., Pittsburgh 19, Pa. 


GLOBAR 


Heating Elements 
 CARBORUNDUM 


TRADE MARK 


“Carborundum” and “Globar” are registered 
trademarks which indicate manufacture by 
The Carborundum Comp any 
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Reduce the use of critical alloys 
in gas turbine structures 


N-A-X AC9II5 ALLOY STEEL offers a means of 
reducing the use of critical alloy steels of 
the “stainless” type in gas turbine and sim- 
ilar applications. In specific cases it has re- 
placed over half the amount of strategic 
. material originally required, with no sacrifice 
of quality. 


N-A-X AC9IIS ALLOY STEEL has high strength 
and toughness values at temperatures rang- 
ing from 70° F. to +1,000° F. It can be 
readily cold formed into the most difficult 
shapes; its response to welding by any 
process is excellent. It must, however, be 

suitably coated for protection against cold 


or hot corrosion. 


N-A-X AC9II5 ALLOY STEEL is available in bars 
as well as flat rolled products. Investigate the 
outstanding properties and characteristics of 
this steel and, through its use, conserve the 
critical material so necessary to our nation. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division . Ecorse, Detroit 29, Michigen 


NATIONAL STEEL wie CORPORATION 
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“I wonder what happened to me |", said Alice 


Autce in Wonderland ate the magic 
cake and grew until she was more than nine 
feet tall. Our National bureaucracy also seems 
to have partaken of the magic cake of power. 
Bureaus in our government have grown in num- 
ber and scope until their activities now control, 
to agreat extent, the lives of all individual Amer- 
icans. Department after department adds more 
and more people -- state, justice, commerce, treas- 
ury--not to mention those sprawling emergency 
born agencies of price control, N.P.A. and other 
alphabetical subdivisions. 

The number of employees of our federal, state 
and local governments continues to grow. Dur- 
ing many recent months, personnel was added 


to the federal payroll at the rate of 1,500 daily. 

What is the reason for this mushrooming? The 
Korean War? Threat of warin Europe, Southeast 
Asia, or the Middle East? Obviously not! A 
glance at the federal budget gives the answer. 
The estimated cost of all governmental functions 
for the fiscal year 1952 is in excess of 70 billions 
of dollars, an increase of 26 billions, or approx- 
imately 60% more than last year. 

When will it end? Only you, the individual 
citizen, who carries the bureaucratic load on 
his back, can stop it. It will end when enough 
patriotic men and women demand from congress 
that the Washington Wonderland start shrinking 
back to reasonable proportions. 


The Youngstown Sheet and Tube Company 


General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


The steel industry is using all its resources to produce more steel, but it needs your help and 
needs it now. Turn in your scrap, through your regular sources, at the earliest possible moment. 
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Use G-E electric brazing furnaces and less-critical stamping, screw-machine and punch- 


ing facilities to make assemblies that you now make by forging, casting or machining. 


Relieve Forging and Machining Bottlenecks 


Time, money, materials saved by G-E electric-furnace brazing 


This 1!.-ounce breather assembly for fuel-injection 
pumps was formerly machined from a one pound steel 
blank. Now a small screw-machine part and a stamping 
are electric-furnace brazed, reducing cost 70 per cent. 


It has been proved that bonds made by electric- 
furnace brazing have great strength and excellent ap- 
pearance. This test bar, made of many '» x ')x 'j-inch 
steel blocks copper-brazed together, resists shear even 
when twisted 360 degrees. 


In another plant, rocker-arm assemblies were formerly 
cast. Now made of seven stamped parts and furnace 
brazed, machine work has been cut 50 per cent, weight 
decreased 25 per cent and cost cut 20 per cent. 


LEARN MORE about electric furnace brazing for your 
plant. Call your G-E Sales Office, or send this coupon. 


Sect. C 720-72, General Electric Co., Schenectady, N. Y. 


Send, for ( immediate project ( reference, the 50-page text 


and Where of Electric-furnace Brazing’'—GEA-3193—to 


Company 
Address 


City State 


GENERAL @@ ELECTRIC 
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Hitting specification bull’s-eves to help our customers hit their 
production targets is a Superior specialty. 

A case in point is illustrated above. The customer, WR. 
Weaver Company manufactures high-quality telescopic sights 
for sporting and target rifles. The carbon steel tube in which 
the lens elements, reticule and eye piece are mounted must 
be strong and rigid. Tube material must have excellent machin- 
ing qualities to permit fast, economical, precision working. 
Because salability depends a good bit on fine appearance, the 
tube must be extremely smooth and free from pits and 
scratches. This is particularly true of the larger sizes where 
tube ends are expanded, making imperfections more evident. 


Inside surface must also be smooth and to accurate dimensions. 


BE SURE ABOUT TUBING — 
SPECIFY 


All analyses .010"" to %” O.D. 
Certain analyses (.035° 


West Coast: Pacific Tube Company, 5710 Smithway St., 
Los Angeles 22, Calif. UNderhill 0-133). 


METAL PROGRESS; PAGE 


ROUND AND SHAPED TUBING 


a Weaver Scope, 
made by W.R. Weover Company, El Paso, Texas 


You “On Target’ 


Ordinarily you might expect tubing to fit such requirements 
for smoothness plus temper and machinability would be a 
“premium” item carrying extra charges for special handling. 

Not at Superior. Here we can take the most exacting 
specifications in stride because of our experience and “know- 
how” backed by highly developed production equipment and 


extensive research and testing facilities. 


If you have need for fine, small tubing to do a tough job 
well, check with us. We can probably fill your requirements 
from the stocks of our distributors who are located in principal 
cities. Write Superior Tube Company, 2008 Germantown Ave. 
Norristown, Pennsylvania. 


Available in: 


Carbon Steels: 

A1S1.—C-1008, MT-1010, MT-1015, C-1118, 
mT-1020, C-1025, C-1035, E-1095 

Alloy Steels: 

AJSA.—4130, 4132, 4140, 4150, 8630, 
E-52100 

Stainless Steels: 

A1S1.—303, 304, 305, 309, 310, 316, 317, 
321, 347, 403, 410, 420, 430, 446, T-5 
Nickel Alloys: 

Nickel, Nickel”*, Nickel*, ‘Monel”*, 
30% Cupro Nickel. 


Beryllium Copper: 


*Reg. U.S. Trademark 
International Nickel Company 
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TOCCO' Induction 
Melting Furnaces 
for Precision Casting 


One of the TOCCO Induction Melting Fur- 
naces used at Arwood Precision Casting 
Co. Note TOCCO control station in back- 
ground 


® Engineers at Arwood Precision Casting Co. use TOCCO Induction Melting Furnaces 
for melting and remelting quality steel. Other companies have found TOCCO equally 
adaptable for melting non-ferrous metals. No wonder! Lovk at the advantages: 


* Stepless power control * High Reproducibility of Results 

* Extremely Rapid Melting * Minimum Space Requirements 

* High Efficiency on Intermittent Operation * No Special Installation Charge 

* Good Mixing because of Natural Agitation * Simple, Safe Operation 

* Extremely Low Alloy Loss * Clean, Comfortable Working Conditions 

* No Carbon Pick-up If any of these advantages suggest economies in 

* No Contamination when Composition of your operations write for full details—no obli- 
Charges is Changed gation, of course. 


THE OHIO CRANKSHAFT COMPANY | mew FREE re omo crannsnarr co. 
BULLETIN Dept. R-4, Cleveland 1, Ohic 


Please send copy of “The Case for 
TOCCO Induction Melting.” 


Name 


Position 


Company 
Address____ 


State 
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FIRST NAME IN DIE CASTING MACHINES 


USED BY 


NATIONAL REJECTORS, inc 


FIRST NAME IN COIN CONTROL DEVICES 


The desire for a soft drink or a candy bar, 

. @ vending machine and a coin. They're 
the ingredients it takes to make “magic with 
a nickel!” Right before your eyes, a miracle 
of miracles takes place. The proper change 
is returned plus the refreshment. . . all due to 
a remarkable behind-the-scenes mechanism 


made by NATIONAL REJECTORS, INC. 


Using KUX die casting machines, NATIONAL 
REJECTORS, INC. turns out thousands upon 
thousands of intricate, extremely sensitive 
coin control devices that automatically check 
the coin for authenticity, return the exact 
change...and please your appetite! 


Does YOUR PRODUCT require pin-point 
accuracy? Quality die castings often provide 
the difference between success and failure 
... profits and losses. KUX, first name in die 
casting machines, can make that difference 
for YOU! 


Write for illustrated catalog showing complete 
line of KUX Die Casting Machines. 


Hydraulically operated die casting machine 


KUX MACHINE COMPANY 
Ee a _— 6725 N. RIDGE « CHICAGO 26, ILLINOIS 


for production of aluminum castings 


FIRST NAME IN DIE CASTING MACHINES 
SELECTED BY FIRST NAMES IN INDUSTRY 
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or...THE ALTERNATE ALLOY 


that never interrupted production 


This could happen to you! A customer of ours was forced by restrictions and 
alloy shortages to switch from the Republic alloy steel he'd been using for years 
to one of the alternate alloys that he could get. He'd dreaded the problems of 
redesigning tools and dies, of revising heat-treating procedures, of heavy reject 
rates while the switch was being made. 


But these troubles never came! 


He called upon the Republic 3-Dimension Metallurgical Service .. . the Republic 
Field Metallurgist, backed up by the Republic Mill and Laboratory Metallurgists. 
These three men worked with the customer's metallurgist and his production 
foreman. Together, they analyzed his requirements, recommended the best 
available alternate steel, worked out the way to form the steel and heat-treat it. 
The shift was made with almost no interruption, and never a headache. 

We may be able to do the same job for you . . . and to back up our recommendation 
with one of the many fine alloys produced by Republic ... world’s largest 
producer of alloy and stainless steels. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. ¥. 


ALLOY STEELS 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 


APRIL 1952; PAGE 45 


a tew words about alloy steels Tee, 
= 
. ~ 
\ 
| 
PR 
Ae 
ft 


at Treating Units 
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Scratchboard Drawing for Pitt 
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New Oil-Tempering Units Improve Wire Quality 


In order to bette r serve steel users, Pitts- 
burgh Steel Company includes in its 
Program of Progress the diversification 
of its line of products. 

For example, the two oil-tempering 
units shown above have been installed 
to produce high-quality, oil-tempered 
spring wire. The new product is made by 
a closely controlled continuous process 
in which the wire ts he ited to a prede- 
termined temperature, quenched quickly 
ina hot oil bath and then “tempered” 
by passing it through a bath of molten 
lead. This hardens and toughens the 
Wire, increases its tensile strength 
makes it suitable for mechanical springs 


such as those used in planes, tanks 
and jeeps, as well as in automobiles, 
trucks, diesel locomotives and agricul- 
tural equipment. 

Pittsburgh Steel’s policy of expand- 
ing its line of products as a part ot its 
Program of Progress has extended into 
the field of flat rolled products. Last year, 
the Thomas Steel Company at Warren, 
Ohio was acquired, thus marking the 
entry of Pittsburgh Steel into the flat 
rolled product market. This year a new 
66-inch continuous hot strip-sheet mill 
and a new 66-inch 4-stand, 4-high tan- 
dem cold reducing strip-sheet mill will 
go into operation at the Allenport 


Works. Another step in the Program of 
Progress the new blooming-slabbing 
mill at the Monessen Works—has been 
completed. It is handling the increased 
flow of ingots coming from the enlarged 
open-hearth furnaces which this veat 
will produce an extra half-million tons 
of steel. To help make this possible, 
blast furnace capacity is being increased 
by 100,000 tons a year. 

The entire Program of Progress at 
Pittsburgh Steel is an Important part 
of the steel industry’s answer to the 
need for more and better steel to help 
defend the free world while still supply- 
ing reasonable civilian requirements. 


Pittsburgh Steel Company 


Pittsburgh, Pennsylvania 


burgh Steel Company by T. W. Hunter 
Progress in Steel 
Psy 
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REMOVE RUST AST 
WITHOUT 


ALKALINE DERUSTING COMPOUND 134 


Do You Know What This Means? 


Absolutely no tarnishing, etching or darkening of steel during 
derusting. 


Clean and derust in one operation. 
Reclaim rusty tools, gears and delicate threaded parts. 
No acid or corrosive fumes around. 


Greater adhesion of chromium, silver and nickel electrodeposits — 
also vitreous enamels. 


Derust high carbon steel, cast and malleable iron and leave a 
white clean surface. 


Derust coppered, galvanized and tinned surfaces without strip- 
ping the copper, zinc or tin, e. g. milk cans. 

Pickle fast at room temperature. 

Clean, derust and deposit zinc or cadmium plate in one operation. 


Write for literature on this new discovery and also get the 
Enthone check list of 60 new research products for metal finishing. 


ENTHONE 


CHEMICALS 


METAL FINISHING 
PROCESSES 


42 ELM STREET 
NEW HAVEN CONNECTI 
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VACUUM METALS 


S.A.’s Sole Commercial 
Source of Vacuum 
Melted Metals 


Vacuum Metals Corporation 
has been formed to supply spe- 
cialty metals and alloys for appli- 
cations of high performance in 
terms of physical, chemical or 
electrical properties. 

Vacuum melting techniques 
developed by National Research 
are used to produce metals of 
higher purity and alloys held to 
closer composition tolerances 
than ever before achieved com- 
mercially. 


HIGH 


PURITY METALS 


PAGE 48 


Organized by National Re- 
search as a wholly-owned subsid- 
iary, Vacuum Metals Corporation 
now has facilities for vacuum 
melting more than five tons per 
day of metals such as copper, 
nickel, molybdenum or iron. 

The unique properties of vacu- 
um melted pure metals and alloys 


are particularly useful in applica- 
tions such as electronic and elec- 
trical parts, magnetic materials, 
bearing materials, diaphragms, 
instrument components, labora- 
tory standards and Atomic En- 
ergy projects. 

Write to us for further infor- 
mation about our facilities. 


VACUUM METALS CORPORATION 


Subsidiary of National Research Corporation 


70 MEMORIAL DRIVE - 


HIGH VACUUM CASTING 


CAMBRIDGE 42, 


SPECIAL 


MASSACHUSETTS 


ALLOYS + GF (Gos Free) METALS 
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Fine steels 
made to order 


No matter what type of special steel 
you order from Jessop . . . whether 
it be tool steel or saw steel, stainless 
clad or flat stock . . . you can buy 
with confidence knowing that it has 
not been picked from warehouse 
stock. Fine Jessop steels are tailored 
to your specific need. There’s another 
thing you can be sure about when 
you order from Jessop. You'll get 
good service. Youthful, revitalized 
Jessop wants your business. The en- 
tire organization will work hard to 
bring you the degree of satisfaction 
that will make you a permanent cus- 
tomer. 


WIGH SPEED STEELS - HIGH SPEED BITS - PRECISION GROUND 
FLAT STOCK - HIGH SPEED AND ALLOY SAW STEELS - HOT 
WORK DIE STEELS - COLD WORK DIE STEELS - CARSON AND 
ALLOY STEELS STAINLESS AMD HEAT RESISTING STEELS 
VALVE STEELS - STAIMLESS-CLAD STEELS - CAST-10-SHAPE 
STEELS - COMPOSITE TOOL STEELS - ARMOR PLATE 


ir 


OVEN COMPANY 


Pioneers in enginee sing 
heat applications 


for industry 


DESPATCH OVEN COMPANY 


MINNEAPOLIS OFFICE: CHICAGO OFFICE: 
619 S. E. 8th Street 4554 N. Broadway 


SALES OFPTCES ALt PRINCIPAL CETIES 
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NINE TONS OF HIGH QUALITY IRON PER 
SHIFT FROM THESE 3 DETROIT *ockine 
ELECTRIC FURNACES 


Vassar Electroloy Products Company has based its growth on 
precisely controlled, quality iron and steel castings. In five years, 
metal melting requirements have increased more than 700%. 
Today, three 700-lb. Detroit Rocking Electric Furnaces keep the 
pouring ladles full, producing alloys with exact metallurgical and 
physical characteristics melt after melt. The fast, efficient oper- 
ation of these furnaces maintains high production levels and high 
standards of economy. 

For melting ferrous or non-ferrous metals, these indirect arc 
furnaces have many advantages; easy, positive control; uniformity 
of melts; thorough mixture of elements through the melts; opti- 
mum use of power; less metal shrinkage; more heats per day; 
easy shell replacement. 

Furnaces are available in 10 to 4,000 Ibs. capacity, designed 
specifically to fit your electrical specifications. Get full infor- 
mation. Write today! 


operation 
AT ATLANTIC CITY 


MAY 1-8 


See this Detroit furnace in 
operation at ovr booth ot the 
Foundry Show. It will be melting 
alloy iron used in an interesting 
shell molding d ation by 
The Borden Co. 


TROIT ELECTRIC FURNACE DIVISION 


KUHLMAN ELECTRIC COMPANY, BAY CITY, MICHIGAN 
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Completely Portable pH Meter 


THE BECKMAN MODEL N 


Check over these features: 


Accuracy to better than 0.05 pH. 

Low operating cost—less than 2¢ per hour. 
Built-in Pp ati 

te 100° C. 

Fast worm-up of less than 10 seconds. 
"Check pointer” eliminates need for frequent 
buffer standardization. 

Batteries are easily checked with the regular 
panel controls. No need to disassemble the 
instrument. Clip-mounting of batteries elimi- 
nates need for soldering of wiring. 
All-metal case of cast aluminum with baked 
enamel finish to rosist wear ard corrosion. 
Splash-proof design, fully desiccated 
internally. 


Shock-proof. Each tube is individually shock- 
mounted. 


Weighs less than 8 Ibs., complete. 
Equipped with the new Beckman Red Label 
Glass Electrode—virtually unbreakable, 


covers almost the entire pH range, usable 
from freezing to boiling. 


Order it 
from af 
HARSHAW 


By far the most rugged overall construction 
of any pH meter. 


The new Beckman Model N pH Meter is entirely 
independent of any outside power circuit. It 
meets perfectly the wide demand for a completely 
portable battery operated pH instrument that 
is inexpensive, light in weight, compact, and 
rugged enough to be used anywhere. The newly 


Two Models are Available: 


1. Model N-1 (illustrated), without a cover but with a 
rigid handle—12 inches long, 4!» inches deep, 7!'% 
inches wide including electrodes. Complete with glass 
and reference electrodes, electrode holder, 50 ml beaker, 
buffer solution, 100 ml KCL solution, 100 grams KCL 
crystals. 


METAL 


developed Beckman Model N not only meets all 
these requirements, but many more. For in- 
stance, the electrode support rotates alongside 
the case for maximum convenience in carrying. 
Instrument can be used in either horizontal or 
vertical position. Convenient controls not only 
centralize all operating functions, but also per- 
mit checking amplifier circuits and battery con- 
dition without opening case or disturbing battery 
connections. 


2. Model N-2 (not illustrated), with a cover-compart- 
ment hinged to the case with spaces for 2-ounce bottles 
of buffer solution and distilled water, thermometer, 
electrodes and beaker—12 inches long, 8 inches deep, 
7'. inches wide including electrodes. Complete with the 
same accessories as listed above for Model N-1 and in 
addition, thermometer 0-100 C, polyethylene bottles 
for buffer solution and distilled water. 


H-29601— Beckman Model N-1 pH Meter. 

H-29602— Beckman Model N-2 pH Meter. 

Rech .. a « « $195.00 


prices on request) 


For further information on these instruments or any other Beckman product, contact the Harshaw Scientific office nearest you 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO 
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SILVALOY 
PREFORMED RING 
PLACED 
/ FOR BRAZING 


In the production of 
Mixette beaters, pre- 
formed Silvaloy 45 rings 
and APW 1200 Fiux are 


HAMILTON BEACH MIXETTE 
BEATERS PROTECTED FOR //| 


joint. The assembly is 


QUALITY AND PRODUCTION brazed with induction 


The famous Hamilton Beach name is a well-respected 
guarantee of quality in consumer markets. As with 
other successful manufacturers, quality in terms of de- 
sign, materials and production is of utmost importance 

Silvaloy Brazing experts are successfully helping to 
improve results, increase production and lower costs 
for many thousands of manufacturers. We would like to 
have you make all possible use of this valuable techni- 
cal service—without obligation. Call or write. A Silvaloy 
technician will visit your plant at your convenience. 


SILVALOY SILVER BRAZING ALLOYS ARE SUPPLIED FROM 
STOCK THROUGH A RELIABLE DISTRIBUTOR IN YOUR AREA. 


SEND FOR THIS 48-PAGE “COMPLETE GUIDE TO SUCCESSFUL SILVER BRAZING!”’ 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVENUE, NEWARK 5, NEW JERSEY 


3 
BEATER UNITS 
ASSEMBLED 

FOR BRAZING 
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All steelwork on this bridge was flame-primed before paint was 
applied. Today, after 9 years service. the original paint job 
still provides complete protection against corrosion, Present 


condition of surfaces is clearly shown by unretouched close-ups. 


Your Steelwork.. . 


How Will 


Steelwork vou coat with 


good paint today still 

look like new ten years from 

now. if vou flame-prime all 

exposed surfaces first. \nd 

what youll save on main- 

tenance, because of increased protection due to 
flame-priming. will more than pay for all the flame- 
priming apparatus and materials vou need for the job. 
Flame-priming is simple to do. requires little 
equipment, and costs brush of oxy -acets lene 
flames pops off seale and drives out moisture. Paint 


applied to the warm. dry surface goes on quickls 


It Look in 1960? 


and smoothly. bonds tightly. and lasts longer. 

Flame-priming is one of many time- and money- 
seving Linpe methods for making, cutting. joining, 
treating. and forming metals. So. whatever vou do 
with metals. there is a good chance that Livpe 
know-how. show-how. and equipment can help vou 
do it better. more quickly. or at lower cost. 

To find out. without obligation. telephone or write 
our nearest office today. Lixpe Propuets 
Coupasy. a Division of Union Carbide and Carbon 
Corporation. 30 East tnd Street. New York 17, 
N.Y. Offices in Other Principal Cities. In Canada: 


Dominion Oxygen Company. Limited, ‘Toronto. 


Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


Trade-Mark 


The term “Linde 
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Loftus heat treat line for 
treating shell cases pro- 
vides completely automatic 
operation from loading con- 
veyor to unloading conveyor. 

4 


| 


Production rate increases of 50% havebeenachieved 
through installation of this Loftus strand furnace. 


| P Loftus automatic continuous furnace for 
forging and heating produces loose, easily 
removed scale. 


Loftus customers’ experience has proven the superior performance, 

greater efficiency, and faster production rates achieved with Loftus 

heat treating furnaces. Loftus offers exclusive features such as “Pin- 

; Point Quench” which assures absolutely accurate quench temperature. 
i The Loftus “COVERALL” contract includes design, construction, 


installation, and operation. 


Send. Loday for 16 page Booklet 


“Proven Heot-Treating Efficiency by Loftus.’ Shows many Furnace Types. 


ENGINEERING CORPORATION 


Designers and Builders of Industrial Furnaces epee se. 


610 Smithfield Street, Pittsburgh 22, Pennsylvania . 
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The rust-proofing of iron and steel products 
is a “sacrificial” function of metallic zinc 
which for many years has accounted for the 
metal’s largest single use. Nearly 50% of all 
the zinc consumed in the United States is 
used for galvanizing. This “‘sacrificial” char- 
acteristic of zinc in providing iron and steel 
with low-cost protection against rust is also 
responsible for the increasing use of the 
metal in the form of anodes for the cathodic 
protection of underground pipe lines. The 
property of zinc which makes this possible is 
due to its advantageous position in the 
electromotive series. As indicated by the list- 
ing on the right, of the commonly available 
metals which are electronegative to iron, zinc 
stands far enough below iron so that its 
electronegative potential provides effective 
and economical cathodic protection, but not 
so far as to sacrifice itself needlessly and 
beyond the immediate duty for which it was 
designed: To mitigate the insidious electro- 
chemical action of nature known as corro- 
sion, by providing efficient cathodic protec- 
tion to the millions of miles of our nation’s 
underground pipe lines. 


ST. JOSEPH LEAD COMPANY 
250 PARK AVENUE, NEW YORK 17, N. Y. 


ST. JOE Electro-Thermic ZINC: High grade, Intermediate, 
Brass special, Prime western > BUNKER HILL99.99-+-% ZINC 
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ELECTROMOTIVE SERIES 
of the COMMON METALS* 
Vs. Iron 

+1.80 

+1.30 

+1.23 

+0.78 

+0.44 

+0.32 

+0.30 

+0.21 

+0.04 

0.000 

—0.12 

—0.32 


Gold 
Platinum 
Silver 
Copper 
0.000 HYDROGEN 
—0.12 
—0.14 
—0.23 
-0.40 Cadmium 
-0.44 IRON 
-0.56 Chromium 
0.762 Zinc 
Aluminum —0.89 
—1.55 Magnesium 


*U. R. Evans, “Metallic Corrosion, Passiesty & Protection” 
Rusting is an electrochemical action in which iron replaces 
hydrogen, or a metal, in an electrolyte. Each metal has its 
own definite activity in this respect, which is termed its 
electro-porential. A list of the metals arranged in increasing 
order of activity, with their electro-potential expressed in 
volts is called the Electromotive Series. For convenience — at 
the right hand side of the above table — the zero point has 
been placed at iron and the figures, since they are relative 
only, have been transposed to show the metals’ activity 


I. Tin, electro-positive to iron, has no protective action. 


Il & Ila. Zinc, electro-negative to iron, with a driving volt 
age of 0.5 vole more than iron in soil or water, provides 
efficient protective action through sacrificial corrosion. 


+0.30 


relative ¢ n 
ried 
Ila. 
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Stik-Wax lubricates to reduce 
heat—wheel clogging. 


On belt sanders 
Stik -Wax lubricates 


Stik-Wax lubricates 
to cut smoother 
threads — increase 
life of taps. 


or circle saws 
Stik-Wax lubricates 
to lengthen blade life 
—gives smoother cuts 
—reduces burns. 


NEW! 


An entirely new kind of lubricant that 
outperforms grease sticks, 
tallow, bar soaps! 


Sawed sections of alumi- 
num extrusion. Left: sec- 
tion sawed with Johnson's 
No. 140 Stik-Wax is burr- 
free. Right: section sawed 
with grease stick shows 
bad burr. 


Johnson's No. 140 Stik-Wax is the new wax lubricant that outperforms grease 
sticks, tallow, bar soaps. Saves materials and tools . . . saves time . . . produces 
higher quality work. 

Exhaustive tests have shown that the performance of Johnson's No. 140 Stik- 
Wax far exceeds that of ordinary lubricants for drilling, grinding, sawing, tap- 
ping, spinning and pipe cutting. Taps and drills last far longer. Saws and cutters 
need sharpening much less frequently. Sanding belts and disks get added life . . . 
give cleaner, smoother finishes. 

Applied manually or automatically, there is no end to the metal working lubri- 
cating jobs that Stik-Wax will do better to speed jobs . . . add life to equipment. 


Industrial Products Dept. MP-4 
Test S. C. Johnson & Son, Inc. 


Racine, Wisconsin 
STIK-WAX 
Please send free sample of Stsk- Wax for testing also send 
in your complete information and mstructions for use 


plant— Name Title 


} Organization 
Address 
R 


City State 
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Your profit for tomorrow will be decided by the 
work you produce today. 


Keep every production line running with fewer 
breakdowns and less replacements by using 
ACCOLOY Heat and Corrosion Resistant castings. 


The improved designs, finer grain size, the close 
control of pouring and the multiple testing of each 
finished piece, all contribute to the longer service 
life of these castings. 


As a manufacturer using trays and fixtures, car- 
burizing boxes, salt pots, retorts, muffles or roller 
rails make an investment now that will keep 
you posted on the profit side of the ledger. 


WEAT RESISTANT CASTING ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN e¢ ILLINOIS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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TREATING MATERIALS... 


OF THE PARK CHEMICAL co. 4 


Tests Show New Quench Oil 


has Intensified Triple Action 


ARK’S Triple A Quench Oil has intensified triple action: 

1. Rapid heat removal with faster cooling rate in the 
critical range giving higher and deeper hardness. 2. Slow 
cooling through the hardening range, minimizing distortion. 
3. Great stability due to special anti-oxidants. Result is 
longer life and bright quenching properties. 

An explanation of the quenching process illustrates how 
Park Chemical Company with over forty years of chemical 
and metallurgical background developed an ideal oil to fit 
the ever mounting production quenching problems. 

Three stages of cooling are observed when steel is 
quenched in oil from a red heat. (A) Formation of a vapor 
film at the steel surface; cooling is accomplished by conduc- 
tion and radiation through this vapor film and is relatively 
slow. (B) Direct contact of the oil with the metal surfaces 
causing a boiling action which continually dissipates the 
vapor film formed and results in rapid cooling. (C) After the 
metal has been cooled to the boiling point of oil, vapor is no 
longer formed; cooling is by conduction and convection, 
and the metal slowly cools to the temperature of the oil. 

Although water and water solutions provide high cooling 
rates throughout these three stages of quenching, they are 


This is the front page of a 4 page Technical Bulletin on Oil Quenching. For the complete bulletin write for Bulletin F-8. 


often impractical because rapid cooling is not desirable in 
the lower ranges of temperature where martensite is formed, 
It is at this time that temperature differentials within a 
piece of steel cause warping and cracking. Thus oil quench- 
ing is preferred for all steels possessing sufficient harden- 
ability to avoid transformation to soft structures in stages 
A and B, since the cooling rates furnished by oils during 
Stage C are ideal for preventing temperature differentials. 

It is apparent that any improvement in the cooling power 
of oil in Stages A and B would be most desirable. Such 
improvement is obtained in water quenching by the addition 
of salt or caustic soda. The brine or caustic solution has a 
wetting action which completes the quenching job faster 
than fresh water. Fresh water takes hold only in spots caus- 
ing non-uniformity. Brine solutions provide deeper and more 
uniform hardnesses. It seems logical to attempt to do this 
same thing with oil. The mineral intensifiers added to 
Park’s Triple A Quenching Oil act in this manner. 

The accompanying cooling curves serve to illustrate how 
this additive has altered the quenching power of the oil in 
the A and B stage, yet has retained the desirable slow 
cooling in the C stage. 


1 
1300) 
A, 8, C, stages in cool- 
ing curves showing ad- A STAGE STAGE C OSTAGE 
vantages of Park Triple noo 
A Quench Oil. Samples 4 
quenched from 1500° F. 1 | | 
in oil at 140° F. and 900 | 7 
woter of 70° F. Steel +4 
1045 dia. x 2” 700 Nag 7 
a Y 
on 
Note: Chart is plotted 500 te A T 
= 
in degrees F. on the = — = = bn — 
ordinate ond time in ly = 
seconds on the abscissa 300 Are 
5 10 5s 20 25 30 35 40 45 50 55 60 65 


PARK CHEMICAL COMPANY, 


8074 MILITARY, DETROIT 4, MICH. 
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obsolete and worn-out 

machinery and equipment 
hidden, overlooked and 
gotten in its plants and 

yards— present record-high 
eel production can continue. 
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HAS PRODUCTION ON YOUR 


METAL WORKING JOB GOT 
YOU UP IN THE AIR? 


You're on solid ground when you depend on 
Brandt's flexible mass production facilities . . 


OF BALTIMORE 


Despite stepped-up defense contracts, industrial 
accounts still receive prime consideration. Time-wise 
contractors on completely assembled components 
place their orders with Brandt and forget them! 


STAMPINGS WELDMENTS 
SPOT WELDED ASSEMBLIES * PRESSED STEEL SHAPES 


in all types of metal 


YM Send for handy file folder of complete facilities. 


CHARLES T. BRANDT, 


1700 Ridgely Street, Baltimore 30, Maryland 


rail, highway and 


air transport 
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PLUMBING ENGINEERS ADVOCATE BRASS CASTINGS 
FOR CORROSION RESISTING QUALITIES .... 


Brass castings possess good machining qualities, which 
result in a four-fold combination of preferred proper- 


ties. Economy . . . beauty . . . corrosion resistance and 


machinability. These factors are essential in the pro- 
duction of quality plumbing products. 


FREE Write for your copy of the 8-page Lavingot Technical Journal — Vol. 8, No. 1 — 
containing on article discussing ‘Effects of Various Elements in Mangonese Bronze ° 


Specify—LAVIN NONFERROUS INGOT—Quality 


3426 S. KEDZIE AVENUE e CHICAGO 23, 


REPRESENTATIVES IN PRINCIPA 
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LINDBERG 
FURNACES 


LINDBERG ENGINEERING COMPANY  W. Hubbard Street, Chicago 12, Illinois 


When production depends on tools and dies, 
tools and dies depend on the LINDBERG 
TOOLROOM TEAM—a basic requirement 
in every toolroom—a must where you want 
the ultimate in tools and dies which will 
keep your production rate up and your ma- 
chinery running with a minimum of tool and 
die failure. The LINDBERG TOOLROOM 
TEAM gives you the precision heat treating 
which your precision tools and dies need 


for lasting performance. 


FOR EVERY 
TOOLROOM 


the LINDBERG 
TOOLROOM TEAM 


LINDBERG HARDENING FURNACE — 
eliminates finishing due to scale and decarb 


with simple accurate atmosphere control. 


LINDBERG TEMPERING FURNACE — 


allows you to obtain the exact “Rockwell 


Hardness” required for each specific tool 


or die. 


For tools and dies requiring high speed tool 
steel—investigate the Lindberg “L” Type 
combination preheat—high heat Furnace. 
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case carburizing 


homogeneous 
carburizing 


hardening 


carbon 
restoration 


This heat-treating record 
... 1s NEWS 


The above chart shows a record of surtace The significance of this new development 
carbon control during four types of heat- will, of course, depend upon the plant setup. 
treating processes. During three of these oper- and must be assessed individually by the metal- 
ations carbon is added: during the fourth, it is lurgist or heat-treater concerned. However. in- 
accurately maintained itial users of Homocarb with Microcarb control 

This record, provided by the familiar Micro- are enthusiastic. 
max Recorder modified tor this purpose, is an One such firm found the results so important 
exclusive feature of the Microcarb method ot to their customers that they featured the story 
carbon control as applied to the Homocarb in their own advertising. As more and more 
furnace. There is no other way of getting even manufacturers become familiar with the ad 
one of these records, much less all four. vantages of Homocarb plus Microcarb. this 

Ninety-nine out of a hundred metallurgists equipment will soon be more generally known 
and heat-treaters will find this record is new. . to men who look for the modern way to car- 
something they have never seen before. It tells burize. 
them exactly what's going on. . .gives the heat- Let us send you further facts about this new 
treater time enough to modify the process or development. We may be contacted at our 


take whatever other action is desirable. It's the nearest office, or 4927 Stenton Ave., Phila. 44. 
NEW way to reduce rejects. Penna 


LEEDS & NORTHRUP CO. 


INSTRUMENTS . AUTOMATIC CONTROLS . FURNACES 


Ir. Ad TD4-02 
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G-E pyrometer equipment resists vibration; 
gives accurate, uniform temperature control 


In the installation shown above, the pyrometer units are 
giving close temperature control even though subjected to 
constant Vibration, transmitted through frame supports. The 
atmosphere is filled with coal dust, and has a high ambient 
temperature. Yet “there has been no trouble in 11 months of 
operation.” So writes a prominent eastern manufacturer 

STURDY CONSTRUCTION throughout makes the General 
Electric Type HP-3 pyrometer equipment rugged and vibration 
resistant. A 3!4 pound alnico magnet provides high flux den- 
sity. henee a large air gup for the lightweight (1 gram) moving 
system. This permits reliable operation under vibration, 

ACCURATE INDICATION and uniform temperature con- 
trol are assured. Calibrated accuracy is within #4 of | per cent 
of full seale. Automatic cold-junetion compensation adjust- 
for changes in ambient. Normal changes humidity and 
voltage have litthe or no effeet on the stability of control 

MORE INFORMATION can be obtained from vour 
representative, or write for Bulletin GEC-7 13. General Electric 
also offers a complete line of thermocouples —deseribed in 
Write Section 602-231. General Fleetrie Companys 
Schenectady 5. New \ 

RUGGED AND ACCURATE. Indicator unit 


alnico magnet and stationary parts plus lightweight moving G N A L LE CT | C 
stem combination that can withstand great stresses. 


| 


THIS REVERBERATORY FURNACE is lined with a Norton 
CRYSTOLON* refractory cement, engineered to last longer on this 
particular metal-melting job. 


THIS TILTING CRUCIBLE FURNACE has a cover and lining made 
of a Norton CRYSTOLON refractory cement. It was engineered to 
fit this firm's individual requirements. 


more metal 
per 
furnace-hour 


with refractory linings 
engineered for you 


Every time you interrupt your metal- 
melting campaigns to patch or replace 
your furnace linings, you lose production 
you never get back. 


That's why just any refractory cement 
won't do. You want the one cement that 
fits your requirements so exactly that it 
reduces interruptions to a minimum. 
Chances are, the one just-right cement 
hasn't been made yet. 


That's where your nearby Norton re- 
fractories engineer enters your picture. 
He's ready to call on Norton Research . . . 
pioneers for 40 years in the development 
of special refractories for complicated 
high-temperature requirements. 


Working together, you and Norton 
Company are sure to arrive at the one 
CRYSTOLON, ALUNDUM, MAGNORITE* 
or FUSED STABILIZED ZIRCONIA 
refractory cement that fits your exact 
requirements. 

For more information about this special 
Norton service, call your nearby Norton 
refractories engineer, or write Norton 
Company, 321 New Bond Street, Worces- 
ter 6, Mass. Canadian Representative: A. P. 
Green Fire Brick Co., Ltd., Toronto, 
Ontario. 


* Trade-Marks Keg. U.S. Patent Office and Foreign Countries 


— = WNORTONF 


owes much of its high output to its 


SPecial REFRACTORIES 
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How We Take CHANCE 


OUT of Alloy Buying 


Here’s a spark tester checking bars of Ryerson alloy steel. 
By reading the spark pattern thrown off when each bar is 
touched with this whirling, abrasive wheel, the tester 
determines the steel’s analysis. In this way he verifies 
quality —guards against mixed steels. 

Spark testing is only one ot many steps in the Ryerson 
Certified Steel Plan for safer alloy buying—a plan especi- 
ally important to you today, while restrictions are 
enforcing the use of leaner alloys with unfamiliar heat 
treatment response. 

We also put every heat of Ryerson alloy steel through 
four separate hardenability tests, carefully recording the 
results on a Ryerson Alloy Certificate which goes with the 
steel. These tests enable you to buy Ryerson alloys on the 
basis of hardenability as well as analysis—the safest way 
to buy under today’s changing conditions. And the 
recorded test results sately guide your heat treatment. 


So play safe. Order from Ryerson where you can specify 
hardenability and be doubly sure. Stocks are out of 
balance from a size standpoint, but in all probability 
we can take care of your requiren.ents. 


CARBON STEEL BARS—Hot rolled 
and cold finished 


STRUCTURALS—Chonnels, angles, 
beams, etc. 


PLATES—Many types including Inland 
4-Way Safety Plate 

SHEETS—Hot and cold rolled, many 
types and cootings 
TUBING—Seamiess and welded, me- 
chanical and boiler tubes 


PRINCIPAL PRODUCTS 


ALLOYS—Hot rolled, cold finished, 
heot treated 


STAINLESS—Allegheny bars, plates, 
sheets, tubes, efc. 
REINFORCING—Bors and accesso 
ries, spirals, wire mesh 
BABBITT—Five grades, also Ryertex 
plastic bearings 


MACHINERY & TOOLS—for metal 
fabrication 


RYERSON STEEL 


STEEL-SERVICE PLANTS AT: NEW YORK + 
BUFFALO + 


BOSTON + 


CHICAGO + MILWAUKEE 


st. LOUIS) 
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By John C. Redmond, Vice-President, and John W. Graham, Research Engineer 
Kennametal, Inc., Latrobe, Pa. 


CONTINUOUS progress of industrial 
technology has created a demand for 
new materials of unusual physical proper- 
ties. Cemented tungsten carbide is one such 
material that has been engineered into many 
industries where high hardness and resist- 
ance to wear are required. Its development 
still continues, and new fields of application 
are opened every day. It is not generally 
realized, however, that cemented carbides 
are a large class of materials based on com- 
pounds of carbon and metals other than 
tungsten that greatly extend the range 

of properties offered. New compositions 
are now becoming available which fur- 
ther enlarge their importance. 

A new group of cemented carbides 
based on titanium has been available for 
service testing for more than three years. 
They Kennametal, 
Inc., and are sold under the trade name 
Kentanium. 

Extensive 


were developed by 


tests have shown that 
while the titanium carbides are basically 
similar to tungsten carbide in such prop- 
high modulus of elasticity, 
hardness and resistance to wear, low ther- 


erties as 


mal expansion, and many other character- 
they additional properties 
which greatly extend the traditional fields of 
carbide applications. Their resistance to 
oxidation combined with high strength gives 
promise for 


istics, possess 


service temperatures far 


above the range where “superalloys” are 
Their low density is a further 
advantage at high temperature and also in 
many applications at ordinary temperatures 
where weight is a factor. 


now used. 


These advantages 
are obtained with a minimum of so-called 
strategic elements. These new carbides will 
replace present materials in many applica- 
tions and can be built into equipment and 
processes operating under conditions here- 
tofore considered impossible. 

Accompanying developments fabri- 
cation techniques permit the manufacture 
of larger and more complex pieces to close 
volume. These 
methods will be discussed later. 


tolerances and large 

Kentanium is made by procedures sim- 
ilar to those used for “Kennametal” (tung- 
sten carbide compositions). Its” principal 
ingredient is pure titanium carbide. Cobalt 
was the first auxiliary metal used but it has 


since been found that nickel is superior. 
Iron is sometimes useful. Small percentages 
of columbium, with or without tantalum as 
The ingre- 
dients are ball milled together to very fine 
particle size, pressed as near to the desired 


a pure carbide, are also added. 


shape as possible, given further shaping as 
required With or without pre-sintering, and 
then sintered out of contact with air. Dur- 
ing the latter step a large but controllable 
shrinkage oecurs. 


Field of Cemented 
Carbides Expanded by 


Titanium Compositions 


The general properties are compared 
with tungsten carbide and superalloys in 
Table I.) For purposes of this table, the 
grades with 10 to 30° nickel as the auxil- 
iary metal have been grouped together. 

The low density of titanium carbide in 
comparison with the superalloys is immedi- 
ately apparent. In rotating parts the cen- 
trifugal stresses are proportion the 
material's density; thus the stress from this 
component on Kentanium would be about 
two thirds that developed on the superalloys. 

Hardness is high, 


good wear resistance. 


thereby indicating 
Certain applications 
to be described later indicate that a large 
amount of the hardness is 
high temperature. Likewise, 


retained at 
compressive 
strength is high and remains high in a great 
degree at temperatures where refractory al- 
loys deform plastically. 

Young’s modulus approaches of 
cemented tungsten 
double that of super- 
alloys. This of course means approximately 
half the movement 
alloys for a given stress. 

Electrical resistance is intermediate 
between conductors and resistors. The re- 


carbide and is about 


ferrous alloys and 


elastic developed on 
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Properties of Titanium Carbide 


sistance increases with temperature, 
corresponding to changes in metallic 
thermal conductivity, thereby indicating 
that the material has definite metallic 
characteristics. 

Thermal conductivity of titanium 
carbide is superior to that of the super- 
alloys. This, together with low thermal 

expansion, accounts for the superior 
performance of titanium carbide over 
high-strength refractory oxides in the 
many thermal shock tests which have 
been made. 

Thermal expansion of titanium car- 
bide is a straight-line function of tem- 
perature. This is related to the stable 
phases characteristic of the material at 
1800° F. and above. Heat treating is un- 
necessary, and the strength at high tem- 
peratures is an inherent property of the 
titanium carbide phase. 

Kentanium retains more of its ten- 
sile strength as temperature is increased 
than do most of the refractory alloys. 
In laboratory tests, it was found that 

one of the ‘TiC compositions was superior to a 
well-known refractory alloy above 800° F., on 
the basis of tensile strength — weight ratios. 

Tensile tests, however, do not provide 
a conclusive comparison, especially when 
the carbide must undergo a high tensile 
stress for a long period of time at high 
temperatures. A more significant method 
is the stress-rupture test, which relates the 
variables of temperature, tensile stress, and 
time of failure. Figure 1 shows several 
stress-rupture curves for grades KI51A 
and K152B at various temperatures, as 
wellcas for Inconel Cwhich exhibits 
some of the best properties obtainable in 
alloys). Several conclusions can be drawn 
from this chart. 

First, it is obvious that cemented 
titanium carbide is like metal in that re- 
sistance to steady stress decreases with 
increasing temperature. Most of the com- 
mercially available heat resistant alloys 
contain unstable phases above 1500) or 
1600°F., and this usually results in a 
great loss of strength at these temperatures. 
Evidence shows that the Kentanium mate- 
rials retain a great proportion of their in- 
herent strength at a temperature several 
hundred degrees above the range where 
metallic alloys operate satisfactorily. 


Stress, |OOO- Psi 


Fig- 
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ure 1 shows that K152B has about 125° and 
K151A has about 170% the stress-rupture 
strength of Inconel “X” at 1600°F. If time is 
taken into consideration, it can be seen that 
K151A would last more than 100 times as long 
as Inconel “X” at 1600° F. and equal stress. 

Another factor particularly applicable to 
rotating parts is the apparent stress-density ad- 
vantage. As shown earlier, a Kentanium part 
would develop about two thirds the stress of an 
alloy part of the same size and shape rotating 
at the same speed. This would increase the 
apparent stress-rupture advantage of Kentanium 
K151A over Inconel “X” about 44% at 1600° F. 
The upper dashed line in Fig. 1 shows this rela- 
tionship. It is figured on the basis that the ap- 
parent centrifugal stress in a rotating part is 
proportional to the density of the material. In 
the figure, apparent stress equals the actual 
stress in KI51A multiplied by the ratio of 
densities, Inconel “X” to KI51A. 

All other factors being equal, a rotating 
K151A part should last about 10,000 times as 
long as an Inconel “X” part at 1600°F. Later 
stress-rupture tests on K151A indicated that its 
strength and life advantages over Inconel “X” 
and other alloys are even greater than this. 

Work now under way indicates that high- 
temperature stress-rupture strengths of newer 


Fig. 1 Stress-Rupture Curves for Kentanium, Grades 
K151A and K152B, as Compared to Inconel “X” 
45 
40 | 
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compositions 


may possibly be doubled over 
the strengths reported here. It also appears 
that compositions can be produced contain- 
ing no strategic metals and with stress-to- 
rupture properties equaling those of the 
currently used superalloys which are high 
in strategic elements. Oxidation resistance 
would probably be adequate. 

Oxidation of the commer- 
cially produced compositions is adjusted to 


resistance 


Those 
grades having the best oxidation resistance 


the requirements of the application. 


form a tenacious and impervious oxide coat- 
ing in a short time. Small additions of a 
complex carbide containing columbium, tan- 
talum and titanium reduce the oxidation to 
a decreasing parabolic rate. 

Oxidation resistance of various grades 
in air at 1800° F. for 118 hr. are as follows: 


GRADE OXIDATION 
K 138 0.0077 in. 
K138A 0.00095 
0.00085 
K152B 0.00115 


These figures represent the increase in thick- 
ness of a thin specimen due to oxide growth 
on one surface upon heating in an unsealed 
electric furnace. Improvement of the last 
three is due to the presence of small amounts 
of a complex carbide of columbium, tanta- 
lum and titanium. 

The ductility of the titanium carbide 
compositions that have been tested is low. 


Table 1— Comparative Physical Properties of Cemented Carbides 


Fabrication of Shapes 


The stress-rupture elongation at 1600° F. has 
seldom been over 2% and is slightly greater 
at higher temperatures. 

Improved powder metallurgy and sin- 
tering techniques have been developed. As 


mentioned previously, pure carbide and 
metal powders are ball milled together un- 


der closely controlled conditions. The milled 
powders are pressed into blocks or 
having uniform density. The are 
pre-sintered to the consistency of chalk and, 
though friable, have enough for 
handling and machining. Large symmet- 
rical round shapes can be turned in a lathe 
with diamond-tipped tools. Complex shapes 
such as the turbine impeller shown in Fig. 2 
are machined with abrasive wheels by means 
of usual methods and setups with minor 
modifications. 
replaced by 

Turbine 


ingots 


ingots 


strength 


Milling cutters are usually 
high-speed 
blades and are ma- 
chined in large lots on multiple-head auto- 
matic machines. 


abrasive wheels. 


nozzle vanes 


After such machining to shape, the 
pieces are sintered at high temperatures; 
allowable shrinkage usually brings the 


pieces to within 1% or closer to size. If 


necessary, final design tolerances to within 


0.0001 in. can be met by grinding, using dia- 
mond and silicon carbide abrasive wheels on 
standard tool grinding machines. 


Other fin- 


PROPERTY 


Density, g. per ec. 


Hardness, Rockwell A 
Modulus of elasticity 


Compressive strength 

Conductivity 
Electrical 

Thermal (f) 


Thermal expansion (q) 
Oxidation resistance 
at 1800° F. 
Tensile Strength 
at 70°F. 


at 1500° 
1600° 
1800° 
2000° 
2200° 
2400° 


TiC (a) WC (b) SUPERALLOYS (¢/ 
General Properties at Room Temperature en 

5.5to6.5 $11.90 to 15.10 8.3 to 8.7 (a) Trade name “Kentanium”; 
to 93 8&5 to 93 61to 65 ‘omposite pr rties 

990,000 psi. 518,000 to nickel as the auxiliary 
tod 3to%. to 1.8 K150A, K151, KI51A, 

0.075 to 0.085 0.068 to 0.207 0.035 to 0.065 K151B, K152 and K152B. 

Properties at Elevated Temperature (b) Trade name“Kennametal”. 
er (c) Range for several Co-Cr- 
1510 5.0 25to4 6.73 to 8.5 
Ni and high-Ni alloys. 
Excellent Poor Good (d) Representative values. 
(e) Percentage of copper 

80,000 to standard. 

100,000 (h) (i) 110,000 to 180,000 ¢j) | Calories per em. per see. 
55,000 52,000 to 73,000 
17,000 34,000 to 51,000 hes /in./°F. x 10° at 
40,000 9,000 to 25,500 1200° F. 
30.000 13.100 (h) Not yet fully established. 
12.500 ’ (i) No tests are available. 

3 000 | (j) Metal Progress data sheet, 
; November 1951, p. 80-B. 
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Range of Applications 


ishing methods are being developed. Many 
complex shapes can be made to such acecu- 
racy that no final grinding is required. 

Our company has also improved an ex- 
trusion technique which produces both tita- 
nium carbide and tungsten carbide shapes 
such flats and even 
objects having complex geometrical cross 
section. 


as tubes, rods, bars, 


lend 
volume 
production of shapes formerly believed too 
complex to manufacture. 


These manufacturing techniques 


themselves handily to economical 


Serap losses from 
these processes are negligible and material 
recovery is high. 

The properties of Kentanium have been 
unfamiliar to most metals engineers. In 
spite of this, various compositions are being 
introduced into a wide variety of applica- 
tions. Two of the most promising and per- 
haps most important are turbine blades and 
nozzle vanes for jet engines. Another im- 
portant potential use is in the aireraft indus- 
try for valves in high-powered reciprocating 
engines. 
the 
for 


One ot first applications was in 
hot high 


wear resistance and good oxida- 


spinning tools metal where 
strength, 
The material 


is also suitable for tools for trimming flash 


tion resistance are requisite. 


from hot forgings or pressings. 
Small-diameter Kentanium balls having 
the above characteristics plus a high com- 


2 Fitanium Carbide Turbine Impeller De- 


signed to Operate at Inlet Temperature of 2000° F, 
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pressive strength are ideal for hot hardness 
testers. Other high-temperature test 
chines use cemented titanium carbide as 
compression dilatometer heads, tensile test 
heads, pressure sleeves, and anvils for high- 
temperature transverse rupture tests. De- 
velopment work is now in progress on hot 


forging dies used in the forming of refrae- 
tory alloys. 
An example of another severe applica- 


Fig. 3 High-Temperature Pressure Vessel 18 
In. Long Withstands 30,000 Psi, at 2300° F. 


tion is a pressure reaction vessel shown in 
Fig. 8 which has repeatedly withstood inter- 
nal pressures of 30,000 psi. at 2300° F. 

suecessful) room-temperature appli- 
cation is for gage rings that are ground to 
must be maintained 
over long periods against abrasion and other 
material abuses. 


close tolerances which 


This is an instance where 
low density combined with wear resistance 
is highly advantageous. 

Another which high- 
temperature properties are not involved is 


application in 


In addition 
to wear resistance and light weight, resist- 


balls for oil well pump valves. 


ance to severe corrosion is often required. 
Promising field results have already been 
obtained. 

Proper design is as essential in the use 
of cemented titanium carbide as with 
material, 


any 
other new The high modulus of 
elasticity and the accompanying low ductil- 
itv usually require 


changes in design to 


replace more ductile materials. ‘Titanium 
earbide can be brazed when required, but 
Radii in 
stressed parts must be as large as 
Where 


section 


mechanical joints are preferred. 
highly 
possible. shock is 


severe thermal 


involved, thicknesses must be as 


uniform as possible. Other properties must 


be taken into account specific design 
problems. 

Thus, there is ample evidence that tita- 
nium carbides greatly extend the range of 
usefulness of cemented carbides and enlarge 


the possibilities for engineering design. @ 


Vide 
iy 
| 
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NEW SHELL MOLDING process has recently 
A attracted much attention from Ameri- 
can foundrymen, so that the general scheme 
is fairly well known. Briefly, warm metal 
pattern plates or core boxes are utilized. A 
fine granular mixture of sand with a little 
thermoplastic is poured into the mold box; 
the resinous binder softens and the mass 
seeks the contour of the pattern; within sec- 
onds a thin, putty-like layer is formed and 
the superabundant mixture can be dumped. 
The pattern plate is then heated about 
1 min. at 600° F.. whereupon the cured 

hardened) investment can be lifted off 

by suitable means. Half molds (with 
hollow cores) made in this way and 
containing necessary gates and risers 
are then bolted together, embedded in 
metal shot, and poured. The invest- 
ment (sand plus resin) is destroyed 
during shake-out, but the metal shot is 
reclaimed for reuse. 

Interest in this Croning or “C™ process 
arose after it had been briefly described by 
Wim. W. MeCulloch in a postwar report on 
German technology (F.LA.T. report) No. 
1168, U.S. Government Office of Technical 
Services, Washington), and had shortly 
thereafter benefited from the publicity 
accompanying sale of “patent” rights. 
MeCulloch’s observations were made in the 
Hamburg plant of Johannes Croning & Co. 
It was also understood that components for 
some 6000 hand grenades were made daily 
by this process at Haller Werke in Hamburg. 
The New York Naval Shipyard started ex- 
periments in its material laboratory in 1947 
to devise the best ingredients and techniques 
and to evaluate the castings so produced. 
While much work has also been done by the 
American foundry industry, it) has been 
shrouded in secreey due to the clouded pat- 
ent situation, so that the technical informa- 
tion is contained in) publications by Nawy 
metallurgists, notably Bernard M. Ames, 
Seymour B. Donner, and Noah A. Kahn. 
The three published “Metallurgy of Shell 
Molding” in American Foundryman tor Jan- 
uary 1952, and “Plastie Bonded Shell Molds” 
in Foundry for August 1950.) Mr. Ames pre- 
sented a supplementary discussion on “Shell 
Molding” before the Malleable Founders’ 
Society on Sept. 20, 1951. 

The writer had an opportunity to ob- 
serve the process during a recent visit to the 


By Harold J. Roast, Foundry Consultant, London, Ont.; Consulting Editor for Metal Progress 


New York Naval Shipyard at Brooklyn, and 
to discuss the details with Mr. Kahn, head 
metallurgist; Mr. Ames, senior metallurgist; 
and Mr. Donner, associate metallurgist: as 
well as Capt. H. ‘T. Koonce, U.S.N., director 
of material laboratory, and Charles E. 
Fraser, superintending engineer. 

The object of my visit was to assess the 
practicability of shell molding, and to evalu- 
ate the evidence supporting the belief that it 
is likely to be a really useful addition to the 


An Appraisal of the 
Shell Molding Process 


foundry industry. The definite answer to 
this question is ves, in the opinion of the 
writer, even though it must be borne in mind 
that any statements made concerning a 
brand-new process are liable to drastie mod- 
ification as it is gradually perfected. 


GENERAL KEQUIREMENTIS 


Alloys best suited to shell molding seem 
to be cast, malleable, and nodular irons, 
manganese and aluminum bronzes, alumi- 
num alloys, magnesium allows, silicon 
bronzes, tin bronzes of low lead content 


‘ 


of max.), and alloy steels. With magne- 
sium alloys there is no need for inhibitors 
in the molding materials, such as are used 
Further im- 
provement is) required before low-carbon 


for ordinary sand castings. 


steels and high-lead bronzes can be classed 
as suitable. The former tend to have rela- 
tively rough surfaces, the latter to sweating 
out of the lead component. 

While there is no obvious limit to the 
size of casting that might be made, in the 
present pioneering stage, castings up to 50 
lb. are considered practical. However, cost 
will enter into the picture, since really large 


Nore: Published with permission of the Navy De- 
partment. The opinions or assertions contained herein 
are those of the author, and are not to be construed as 
official, as necessarily reflecting the views of the Navy 
Department, nor as an endorsement by the Department 


of the process discussed herein. 
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Casting to Close Tolerance 


castings are generally not ordered in sufli- 
cient quantity to justify the pattern expense. 

principal requirement for practical 
use of shell molding is that a sufficient num- 


ber of castings be made from any given pat- 
tern to justify the cost of the metal pattern 


plate. The process may also be advanta- 


geous where expense can be saved by the 


reduction or complete elimination of ma- 


chining cost, together with greater dimen- 


sional accuracy. The saving of machining 


cost is) particularly important with alloys 
generally considered hard to machine. In such in- 


stances, a much smaller number of castings from 


the pattern plate may justify use of the process. 


Tolerances compare favorably with the 


lost-wax investment process and plaster 


molding in castings of equally large size. 


For example, plates 18 x 12 in. with bosses 


and cored holes can readily be made 
within a tolerance of 0.003 in. per lineal 


inch. At the same time the process is sim- 


pler in operation, once the metal pattern has 


been accurately made. (Of course, invest- 


ment casting requires the preliminary man- 


ufacture of a metal mold of high precision 
in which the wax or plastic model is made.) 


Figure 1 shows a metal pattern plate 


used for shell molding. A requirement of 
the metal is that it shall not be distorted 
upon repeated heating, even to F. 


the temperature required for curing certain 


desirable thermoplastic mixtures. This tem- 


perature also eliminates the possibility of 


repairing or adjusting the pattern” plates 
with the fusible solders ordinarily used. Suitable 
pattern plate materials, therefore, are alloy cast 


iron of the kind intended for high-temperature use, 
“graphitic” steels. Still 
other alloys may be found suitable as future ex- 
perience dictates. 


or the “nonshrink” and 


Gating (and risering if required) follows the 


Fig. 1 Master Pattern Plate Used in Shell Molding 
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conventional methods used for ordinary 


sand molding, with bottom gating given the 
preference. The mold material used is 
more insulating than foundry sand, and the 
risers can therefore function more effee- 
tively, since a better opportunity is provided 
for those parts of the casting that cool first 
to secure molten metal. There is no advan- 
tage to be had from the steel shot, as far as 
thermal conductivity is concerned. Replac- 
ing steel shot with copper shot does not 
influence the grain size of the casting Call 
other things being equal): in fact, compari- 
son castings made in green sand have much 
liner grain size. 

Formulation of the mold material is, of 
course, a most important factor. It consists 


Fig. 2 A Pair of Shell Mold Halves Produced 
From the Pattern Plate Shown in Fig. 1 


essentially of a high-grade silica sand of 
subangular grain class (say 92 to 95°.) with 
some 8° or less of pulverized resin capable 
of heat) polymerization. The ingredients 
may be mixed in an ordinary Simpson 
muller, but it is desirable to cover the muller 
to prevent the escape of fine dust. In a large 
installation it would probably be desirable 
to exhaust the dust by a suitable suction 
connection to an elementary small baghouse. 
It has been suggested that the charges of 
static electricity acquired by the particles 
help in the uniform coating of the sand 
grains. If this is so, then anything that will 
cause a discharge of such static electricity 
should be avoided. Resin and sand must be 
thoroughly mixed; otherwise, the resultant 
mold will have a mottled appearance caused 
by undesirable resin segregation. Figure 2 
shows a pair of shell mold halves produced 
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Resin—Sand Mixture 


gether so as to minimize finning and reduce 
cleaning-room costs, 

The backing material for supporting the 
shell mold during pouring is simply fine 
steel shot of about 16 mesh. An iron or 
steel frame of suitable size and depth to 
hold the mold and risers is used. The mold 
‘cope and drag suitably bolted together) is 
laid on a bed of shot and more shot is 
poured around it to a level slightly below 
the rim, with the gate protruding (Fig. 3). 
In some instances a suitable pouring cup of 
dry sand is joined to the gate. The mold is 
then ready to pour (Fig. 4). In general, it is 
preferable to cast molds on edge rather than 
flat, though both methods can be used. 


Fig. 3 The Finished Mold Bedded in 
the Steel Shot and Ready for Casting 


from the master pattern plate in Fig. 1. 
Large quantities of resin or of the resin- MOLDING AND CASTING PROCEDURE 
sand mix should not be stored, since poly- 


merization will progress slowly under A typical procedure, as observed at New 


varying conditions of humidity and temper- York Naval Shipyard, starts with heating the 
ature, and a “balling up” may result. The cold pattern plate in an ordinary core oven 


resin might be put in solution before incor- to. sav. 400° F. 
porating it with the sand, but sufficient work 
has not vet been done to justify the idea, 


The temperature depends 
upon the conditions prevailing, such as kind 
of resin used and method of mixing. (Plates 
and good results have been obtained con- in a fully mechanized operation 
sistently by the dry-mix method. The mold 


may also 
contain electrical resisters.) The first heat- 
ing of the cold plate may take up to half an 
metal has been poured, but this is not a hour; the warm plate of course 
serious drawback. time. 


material is a complete loss after the molten 


takes less 


The plate is removed and placed face 


Another material needed is the releasing downward in the container for the invest- 
agent with which the pattern plate is ment mixture. The container and plate are 


sprayed to avoid sticking of the investment 
material. A water emulsion of 2 to 5% sili- 


Fig. 4 A Representative Aluminum Casting 
Produced From the Mold Shown in Fig. 2 and 3 


cone concentrate is used. Spraying is done 


immediately after the pattern plate is re- 
moved from the heating oven. 


Stripping the plates by hand is not ree- 


ommended because the pressure cannot be 
evenly distributed and a twisted mold re- 
sults. It is important to avoid warping of 
cope and drag (the mold halves) so that 
° when they are fastened together (either 
immediately or after storage) the two parts 


will fit perfectly, thus avoiding fins on the 
casting. The critical period for warping is 
the first 60 sec. after the mold is released 
from the pattern plate. 

Molds may be closed in a variety of 
ways. Merely clamping the outside edges 


with spring wire is a common method. 
Preferred practice at New York Naval Ship- 
yard is either to bolt the molds together, 
using Speednuts and an electric torque- 
controlled nut runner, or to paste them to- 
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clamped together and turned over, where- 
upon the investment material falls on the 
hot plate. The investment material is sof- 
tened by the heat of the plate in a matter of 
seconds. The container and plate are again 
reversed, and the excess material falls back 

in. 
of material of a putty-like consistency ad- 


into the container leaving about '. to 


hering to the plate. The coated plate is then 
carefully placed in the curing oven at ap- 
proximately 600° FR. for about a minute. 
Time and temperature of curing are care- 
fully predetermined according to the re- 
quirements of mixture and ingredients. The 
finished mold is separated from the plate by 
suitable release pins incorporated the 
pattern plate. It is hard and somewhat brit- 
tle, and the color of sulphur, the shade vary- 
ing with the ingredients. The mold is laid 
ona flat table while still hot and weighted 
down with small sand bags for about a min- 
ute. It may then be either stored for future 
use or clamped to the other half (cope and 


‘ drag), placed in the box backed up with 


shot, and poured. The total time for mak- 
ing the molds is 2 min. or less. 

The final mold is not hygroscopic and 
may be kept indefinitely. It is also very 
permeable, which aids the escape of gases. 
It is sufficiently strong so it will not break 
easily with ordinary handling precautions. 

A slight odor of ammonia while the 
mold is cooling comes from the decomposi- 
tion of the resins. The color of the mold is 
eggeshell white before curing: when cured it 
is a sulphur vellow. After casting, the sur- 
face which comes in contact with the molten 
metal is black but the back of the 4-in. 
section remains yellow. 

Pouring temperatures are similar to 
conventional sand molding temperatures. It 
should be borne in mind that freedom from 
shrinkage rather than maximum strength 
should be the criterion. Frequently a higher 
temperature will avert shrinkage (probably 
because of a higher gas content) and is to be 
preterred to use of a lower temperature. 

In the operations observed at the ship- 
yard, 800° castings were made from = one 
pattern with only two defectives. Where 
optimum pouring temperatures were not 
adhered to, only 85° were good and 15% 
defective. 


After the mold has been cast the shot 
must be removed and the casting extricated. 


In the process some small pieces of the mold 
get mixed in with the shot. To remove the 
larger pieces the shot is screened through a 
'\-in. sieve. The small pieces of mold re- 
maining give no trouble. In continuous 
operation, however, the shot will gradually 
heat up and provision will have to be made 
to cool and clean it. 

The prime purpose of the backup ma- 
terial is to resist deformation of the mold 
wall and the hydrostatic head of the metal 
pressure. The use of shot represents one of 
the critical material handling problems in 
the whole process. Such problems as over- 
heating, cleaning fines from the shot, loss 
due to spillage, and the safety hazards in- 
volved when loose shot is on the floor in the 
pouring area have not been completely or 
satisfactorily resolved. It is highly likely 
that this material will eventually be replaced 
by some other backup material or some 
other technique. Whatever material is 
adopted, it should be vibrated during back- 
ing up and should have good permeability 

an important factor in venting gases. 

A first essential of the process is ex- 
treme care in making the east iron pattern 
plate. It must be well designed if produc- 
tion difficulties are to be avoided. This is a 
job for a good tool and die shop or a pattern 
shop used to making accurate metal pat- 
terns and effecting quick changes in gating 
and heading. The fact that the molds can 
be stored or transported from one plant to 
another frequently does away with the ne- 
cessity of making a separate plate for use 
in each plant. 

Cores are made on metal plates and pro- 
cedure is similar to that for the metal pat- 
tern. They'are hollow and collapse easily. 
If preferred, conventional cores may be used. 

Once the pattern plate is made, the 
whole operation can readily be performed 
by previously untrained workers, girls being 
especially adept for small work. One large 
foundry got into production on shell mold- 
ing in four months. 

The future of the process will be asso- 
ciated with the development of automatic or 
semi-automatic machines. Fortunately, shell 
molding lends itself readily to mechaniza- 
tion. At least four machines embodying 
various mechanical methods of handling 
have already been developed, but it is prob- 
able that the machine for general adoption 
is still to come. Each user or designer is at 
present working out his own salvation. @ 
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TACUUM MELTING of magnetic alloys and 
\ some of the less common metals is now 
of considerable industrial importance, and 
occupies the attention of many specialists. 
Recent European work on this subject has 
been carried out at the National Physical 
Laboratory in England’! and the research 
laboratories of N. V. Philips’ Gloeilampen- 
fabrieken in Holland,'* and other research 
centers. Iron of reasonably high purity is 


required in substantial quantities to imple- 
ment research on the elTect of 
alloying elements on mechanical 
properties of iron. 

A unit for vacuum melting 
of iron in quantities up to 25 Tb. 
is now in use at the National 
Physical Laboratory at Tedding- 
ton, Middlesex. Starting with a 
selected batch of Swedish iron, 
the purification procedure was 
earried out on molten iron in 
two main stages: (a/ oxidation of a number 
of impurities and removal of the products 
of oxidation, and (b) a vacuum treatment 
followed by reduction of 
oxygen to a low level by dried hydrogen. 


for degassing, 


The equipment consists of two high- 
frequeney induction furnaces, one a 75-lb. 
tilting furnace for melting under oxidizing 
conditions, and the other a 25-lb. furnace 
for melting under hydrogen. Both furnaces 
are operated by a 30-kw. motor-generator 
set, delivering power at a frequeney of 5000 
eyveles. A cutout switch is set at 660 volts 
and 54 amp. The cooling water operates a 
relay on each furnace, which switches off 
the power if the water pressure is insufli- 
cient. Below the coil in the Sindanyo base 
of the 75-lb. furnace is a charge-earthing 
device, which switches off the power in the 
event of the melt) breaking through the 
magnesite lining. 

The ingot mold used with the 75-lb. pre- 
refining furnace is split; it is made of mild 
steel, and is 4 in. in internal diameter, 7 in. 
external diameter and 24 in. long. No dress- 
ing is applied to its internal surface, and 
no trouble is experienced with sticking or 
“burning on” of the ingot, provided the 
stream of molten metal is directed onto the 
existing pool and does not impinge on the 
side of the mold. 

The 25-lb. furnace for final degassifica- 
tion is enclosed in a horizontal cylindrical 


By Tom Bishop, Metallurgical Editor, Iron & Coal Trades Review, London, England 


mild steel tank (see Fig. land 2). The tank 
is 4 ft. in diameter and 4 ft. 6 in. long; the 
end is closed by a domed lid, sealed by a 
tongue and groove with an intervening rub- 
ber ring. The tank is evacuated by two rotary 
pumps through pipe 8 in. in diameter. The 
furnace can be tilted by a chain and gear 
arrangement. A separately counterbalanced 
mold, placed in front of the furnace, is tilted 
with the furnace when the metal is poured 
at the ead of a run. 


European Experiments on 
Vacuum-Melted Pure Iron 


The leads to the furnace coil are flexible, 
and are covered with rubber tubing '4 in. 
in wall thickness, to provide insulation and 
earry the cooling water. The leads enter 
the tank through an insulating plate, sealed 
with clamped rubber rings. One of the 
three openings on top of the tank is closed 
by a glass plate so the melt can be inspected 
from above. A second opening is fitted with 
a Wilson seal, through which a rod is at- 
tached to the refractory lid of the furnace. 
The lid can thus be turned, raised or lowered 
without leakage of air into the tank. The 
third opening is fitted with an eccentric 
sliding valve consisting of two circular plates 
with off-center holes. The holes can be 
matehed by relative rotation of the plates 
over their lapped contact faces, the hole in 
the bottom plate being vertically over the 
third opening in the tank. A sheathed ther- 
mocouple placed in a Wilson seal screwed 
into the hole in the top plate can be lowered 
into the melt. The thermocouple sheath can 
be replaced by a dip-stick to obtain samples 

*1. “Production of High-Purity Iron and Iron 
Alloys on a 25-Lb. Seale”, by B. E. Hopkins, G. C. H. 
Jenkins and H. E. N. Stone. Journal of the Iron and 
Steel Institute, August 1951, p. 377. 

2. “Tensile and Impact Properties of lron and 
Some Iron Alloys of High Purity”, by W. P. Rees, B. E. 
Hopkins and H. R. Tipler. Journal of the Iron and Steel 
Institute, October 1951, p. 157. 

(3) “Ageing of Iron and Steel”, by J. D. Fast, Jron 
& Coal Trades Review, April 14, 1950, p. 837. 
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Furnace and Auxiliary Equipment 


Fig. 1 
England. 


of the melt at various stages of purification. 
Additional sightholes are provided in the lid 
and on one side near the tilling wheel to 
view the pouring operation, 

Figure 3 shows the arrangement of aux- 
iliary equipment for the 25-lb. furnace and 
the course of the hydrogen flow. Dried hy- 
drogen is drawn into the tank by a small 
rotary pump, and is passed through a filter 
and a tube leading through the crucible lid 
onto the surface of the melt. Water vapor 
is formed by reaction of hydrogen with the 
oxygen in the iron, and the moist hydrogen 
is drawn out of the tank through a furnace 
containing magnesium turnings at 600° C. 

about 1100°F.), to remove nitrogen, and 
then through a cooler consisting of a eylin- 
der of cold magnesium turnings. Outside the 


Apparatus for Melting and Casting a 25-Lb. Charge of 
Tron in Vacuo Used for Experiments at National Physical Laboratory, 
Furnace is in pouring position, 


(Crown copyright reserved) The 


vacuum tank, the hydrogen passes through 
a water-cooled coil, in which a small amount 
of the water vapor may condense, and into 
a large cylindrical drier containing 7 kg. of 
silica gel. A duplicate train is used in the 
later stages of a run to dry the hydrogen 
finally. The capacity of the circulating pump 
is 120 cu.ft. per hr., and the volume of the 
furnace enclosure is 60 cu.ft. The melting 
crucible is made of sintered high-purity 
alumina and is 4°, in. in diameter and 945 
in. long; it is packed all around with the 
same fired magnesite used to line the 75-Ib. 
furnace. 

The top inch of the packing is bonded 
with sodium silicate, so that it sets at room 
temperature and prevents the loose packing 
beneath from being drawn out during evacu- 
ation of the tank. At the same time it is 
sufficiently porous so air and any moisture 
ean be removed. The main 
body of the packing is even- 
tually sintered right through. 
for the 
25-lb. furnace is usually made 


ingot mold 


of mild steel, and is octagonal 
in cross section, the distance 
across the flats being 2°, in. 
internally and 6 in. externally. 
The mold is approximately 15 


in. high, and the top 3 in. is 
turned out internally to a di- 
ameter of 4 in. to take a silli- 
manite insert, which operates as 
a hot top. Recently, a tapered 
mold of similar general design 
has been used. No dressing is 
applied to the mold surface. 


OXIDIZING MELTS 


The base iron is thoroughly 
cleaned of extraneous matter. 
Melting a 75-lb. charge takes 
about 1!2 hr. The molten metal 
is allowed to oxidize for 1 hr., 
and the iron oxide formed on 
the surface is continually 
skimmed off. In early experi- 
ments it was found that the 
carbon content of the oxidized 
melts was reduced only to about 
0.007 to 0.0090 
0.3%). Much sounder ingots 
of oxidized iron (inereased in 
density by up to 20°) are ob- 
tained by blowing nitrogen or 


oxygen 0.2 to 


‘ 
e 
ray, 
i | 
& 
+ 
4 
-\ 
— ‘ + 
y 
4 


Hole Inietand Exhaust 


Sight Water Cooled Cables 


Woter Outlet 


| 


"% 


“Hydrogen Inlet from Driers to Pump 


Fig. 2 Section Through the Steel Tank and Furnace Shown 
(Courtesy Journal of the Iron and Steel Institute) 


in Fig. 1. 


argon onto the melt in the 75-lb. furnace (after 
the I-hr. oxidation treatment) for 20 min. to 
remove carbon monoxide. This procedure has 
been adopted as standard practice, and it does 
bring carbon content down to much less than 
0.008 ; results are not, however, as consistent 
as the later vacuum treatment in the 25-Ib. 
furnace. 

Some of the unsoundness in the oxidized 
iron ingots, and the evolution of gas in the sub- 
sequent vacuum treatment, may be caused by 
hydrogen formed from the water vapor in the 
atmosphere. Experience has also shown that 
the form of the charge influences the carbon 
content; for example, if the Swedish iron con- 
sists of strip or rod instead of heavier sections, 
the carbon content of the oxidized iron is as 
low as 0.0020. 

The oxidized melts are usually analyzed 
for carbon, silicon, and sulphur, and run about 
0.002 to 0.005 C, 0.002 to Si, and 
0.004 to 0.006 S. Vacuum fusion analyses 
of two oxidized irons showed an average of 
0.28% oxygen and 0.01% nitrogen. The oxi- 
dized iron ingots are machined to remove 


y’Mognesium Furno 
Fre! Cin culoting 


Audco 


surface seale, and cut into 
lengths suitable for melt- 
ing in the 25-lb. refining 
furnace. 

Reducing Melts — The 
metal for the 25-lb. fur- 
nace is first cleaned with 
carbon tetrachloride and 
dried before charging in 
the crucible. After the 
mold and its support have 
been clamped in position, 
the tank is closed and 
evacuation commenced. 
When a new crucible is 
used, it is normal to heat 
the charge to about 1000° 
C. (1830° F.) to degas the 
refractories; after cooling, 
a pressure of 0.001 mm. 
of mercury is usually ob- 
tained. Such a “heating 
run” is not conducted if 
the crucible has been used 
previously; the time = re- 
quired to reach the limit- 
ing pressure then depends 
on how long the tank has 
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Adding the Alloys 


been open after the previous run. If melting 
was carried out on the previous day, the 
tank is opened in the morning, and evacua- 
tion for the next melt can usually be started 
in the afternoon; pressures of 0.005 mm. of 
Hg are obtained in about 1 hr., and 0.001 
mm. in about 2 hr. Evacuation is continued 
for the rest of the day while the silica gel 
driers are reactivated. 

The charge is heated slowly and melts 
in about 2'. hr. The tank is filled) with 
hydrogen from a eylinder to a pressure of 
10 em. of Hg during this stage, to prevent 
spurting from gas evolution while the charge 
is melting. By avoiding spurting, and by 
increasing the clearance between the solid 
charge and the crucible wall, initial troubles 
caused by bridging have been overcome. 
When the charge is all molten, the hydrogen 
is removed by opening the main valve con- 
necting the tank with the pumps, and the 
melt is held for an hour in vacuo while the 
oxygen content is still high so as to reduce 
the carbon content. During this period the 
pressure drops fairly quickly to about 0.05 
mm. of Hg, and remains at this level. The 
pumps are then isolated from the tank, and 
hydrogen is introduced to a pressure of one 
atmosphere. The hydrogen circulating pump 
is started, and hydrogen is blown onto the 
surface of the melt, passed through the 
600° C. 
(1100°F.), through the coolers and one of 
the driers, and then back into the tank. 
Because of the high conductivity of hydro- 
gen, approximately twice the power is neces- 


furnace containing magnesium at 


sary to keep the charge molten as would be 
required in vacuo, 

When reduction is complete, hydrogen 
circulation is stopped, and the pressure is 
reduced to 5 em. of Hg for ‘2 hr. to control 
hydrogen evolution from the melt and avoid 
splashing. The melt is poured at this pres- 
sure by simultaneous tilting of the furnace 
and mold. The ingot is allowed to cool over- 
night and is removed in the morning. <A 
hydrogen pressure much above 5 em. of Hg 
causes a gassy ingot, whereas if the pressure 
is much lower, there seems to be a greater 
tendency for the ingot to stick to the mold 

presumably because of a less effective 
adsorbed layer of gas on the inner surface 
of the mold. 

The temperature of the melt is checked 
periodically with a platinum /platinum- 
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rhodium couple. No sticking to the mold is 
encountered if the temperature is in’ the 
range 1565 to 1585° C. (2850 to 2885° F.) just 
before pouring, although care still has to be 
taken that the stream of molten metal does 
not impinge on the side of the mold at any 
one spot. This requires a little skill on the 
part of the operator, and although no trouble 
is now experienced, it has been suggested 
that the mold be rotated a few times during 
pouring, either mechanically or by an electric 
motor, to avoid prolonged impingement. It 
is possible that water cooling of the mold 
would also stop sticking, but this method is 
not convenient. 

When making alloys, the additions are 
usually packed in iron sheet rolled from a 
deoxidized ingot, suspended from cross- 
piece attached to the tube which holds the 
lid of the furnace, and lowered into the mol- 
ten iron after it has been deoxidized. If the 
additions contain oxygen, the hydrogen 
treatment must be continued until it has 
been removed, since the oxides of certain 
additions are not reduced by hydrogen at 
the temperatures reached. 

Chemical analyses of 35 iron and iron 
alloy ingots showed the following composi- 
tion range: 

Carbon 

Silicon 

Manganese 

Sulphur 

Phosphorus 

Nickel 

Chromium 

Copper 

Aluminum 


0.002 to 0.004% 

0.002 to 0.003 
0.004 

0.004 to 0.006 
0.001 max. 

0.005 to 0.007 
0.001 

O.004 to 0.007 
O.001 max. 


Aluminum may be higher than 0.001 if the 
melt has been accidentally overheated, or if 
the added alloy reduces the alumina crucible 
wall; some iron-carbon alloys have been 
made with aluminum up to 0.004. Adcock 
has shown that thoria is not attacked by 
iron-carbon alloys, and if alloys with larger 
carbon content are desired, it may be neces- 
sary to use either thoria or 
crucibles, 


thoria-lined 


Vacuum fusion analyses of 24 ingots 
ranged as follows: 

Oxygen 

Nitrogen 

Hydrogen 


0.001 to 0.002% by weight 
0.001 to 0.002 
0.000005 (trace) 


These analyses were made on samples that 
had been hot rolled and normalized from 
950° C. (1740° FL), and it will be seen that 
the hydrogen content is 


very low, even 


j 
| 
| 
\ 
all 
| 
| 


though the ingots were solidified in hydrogen 
ata pressure of 5 em. of Hg. The hydrogen 
content the cast condition is 
0.00007 by weight. 


about 


TESTS ON THE METAL PRODUCED 


Physical tests of metal produced in this 
furnace have been published by Rees, Hop- 
kins and Tipler (see reference 2, page 75). 
Results show that the purest irons prepared 
are very ductile at room temperature and at 

73°C. (—100° F.) when tested simple 
tension, but become brittle on cooling to be- 
tween —73 and —196" C. (—320° F.). Fracture 
at —196° C. takes place by cleavage with less 
than 5% elongation at a stress of about 
100,000 psi. 
strength of high-purity iron at room tem- 
perature. 


at least double the expected 


The transition temperature in the 
Charpy impact test with Izod V-notch occurs 
at about —15°C. (5° F.).) These results refer 
to material that has been chill cast, rolled, 
and normalized. 

Iron prepared in the same way but con- 
taining more than 0.002 to 0.00380 oxygen 
has properties very similar to those of high- 
purity iron in the ductile condition; how- 
ever, when the iron is embrittled by cooling 


Effect on Transition Temperature 


rises with increasing oxygen content, and the 
brittle fractures are partly inter- 
granular. 

The limit of oxygen content below which 
intergranular fractures are not encountered 


again 


is less in irons of similar purity prepared 
in a 6-Ib. furnace, in which the iron was 
allowed to solidify slowly in the crucible 
instead of being chill cast. Intergranular 
brittleness in an oxygen-containing iron can 
be enhanced by coarsening the grains through 
cold work and recrystallization. 

The addition of up to 5% manganese to 
pure iron increases the yield stress and ten- 
sile strength; at —196°C. 
increase in ductility. 


there is also an 
No intergranular frac- 
tures were observed except in two anomalous 
alloys that had inferior properties. The ten- 
sile test results indicate that manganese 
raises the cleavage strength of iron more 
than it raises its vield stress. 

Manganese decreases the impact tran- 
sition temperature, provided that the dis- 
torted “a, structure” is not present. This 
structure appears in the normalized alloys 
containing 3 and 5% manganese, and raises 
the impact transition temperature, but this 


to 196°C. the tensile strength is much 
lower (60,000 to 75,000 psi.) and the frac- 


effect can be removed by tempering. 
Addition of 0.01 carbon to high-purity iron 


ture is) partly intergranular and partly has little effect on the tensile and impact properties 
cleavage. The impact transition temperature of normalized material. Additions up to 0.05% 
raise the impact transition temperature 
Fig. 4 — Small-Scale High-Frequency Melt- appreciably, without a large effect on 

ing Furnace Used by Dutch Scientists. the tensile properties. 
The apparatus is built entirely of glass. Addition of manganese to an iron 
(Courtesy Jron & Coal Trades Review) containing 0.05% carbon progressively 
, th lowers the impact transition tempera- 
’ ture, which, in an alloy with 2 man- 
F. ganese and 0.05% carbon, is lower 
NS =. than in a simple 2% manganese-iron 
S alloy. Manganese and carbon together 
A 8 N ® also lower the transition temperature 
. N N ° in tension. The fractures, when not 
N N (a completely ductile, are cleavage type. 
N N | The transition from tough to brit- 
A-Melting Chamber tle fracture in impact is usually very 
Sy Ne § sharp in iron and iron-manganese 
C-Rothenau Valve SN Ae N= 8 alloys that fail entirely by cleavage 
SN | N= in the brittle condition, but tends 
=< N= to be less sharp when fracture is 
Prism partly along grain boundaries. The 
y addition of carbon to iron also spreads 
} out the lower end of the transition, 
but the sharpness is progressively 


restored by additions of manganese. 
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of impurities, the Dutch scientists start with 
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The transition from tough to brittle fracture 
in tension covers a range of temperature in 
iron-manganese and iron-carbon-manganese 
alloys, and it seems likely that this applies 
also to iron and iron-carbon alloys. 


PHE PHILIPS APPARATUS 


J.D. Fast of the research laboratories 
of N. V. Philips’ Gloeilampentabrieken, 
Eindhoven, Netherlands, has developed a 
high-frequency melting apparatus on a 
smaller seale than that just described tor 
pure iron. By adding fixed quantities of 
impurities, he has studied aging phenomena 
in iron and steel. One of the great advan- 
tages of an induction furnace is that melting 
ean be earried out in an apparatus made 
entirely of glass, cooled with) circulating 
water. Thus, the influence of the atmosphere 
and of gases released trom the walls is almost 
entirely precluded. The apparatus can be 
evacuated to a pressure of 10° atmospheres; 
if desired, it can then be filled with various 
pure gases. The crucibles were made of pure 
alumina, rendered impermeable by sintering 
temperatures immediately below the 
melting point of alumina. 

Figure 4 is a diagrammatic representa- 
tion (not drawn to seale) of the apparatus. 
On the extreme right is the cock used to 
connect the melting chamber (about 4!» in. 
inside diameter by 31's in. high) to the 
high-vacuum pumps. Cylinders of nitrogen, 
hydrogen, oxygen, argon, and carbon mon- 
oxide are manifolded and arranged so that 
each can be led through the purification 
train at will, Oxygen is admitted only in 
measured quantities, by using bulbs B of 
known volumes. In the inlet pipe and also 
in the outlet pipe of the melting chamber 
are Rathenau valves (C, ©). These contain 
a ribbon of 18-8 chromium-nickel steel, 
which can be heated by an electric current 
and can detect traces of oxygen or water 
vapor in hydrogen, nitrogen or argon’ by 
heat tinting. 

The alumina crucible D is contained in 
a larger crucible of clear quartz glass, the 
space between being filled with coarse pieces 
of alumina (fragments of discarded cruci- 
bles). The temperature of the molten metal 

‘an be measured by an optical pyrometer via 
a prism E. 
To produce iron with a known content 


the purest grade of carbonyl iron (99.9 Fe 
with impurities almost exclusively carbon, 
oxygen and nitrogen). The nitrogen can be 
fully extracted by repeated melting in a 
vacuum, as can the carbon also, if the metal 
contains a large excess of oxygen; if the 
iron is low in oxygen in advance, a known 
quantity of oxygen can be admitted from the 
bulbs B.) When all carbon has been driven 
out in the form of carbon monoxide, the 
excess oxygen is removed by passing a 
stream of pure hydrogen through chamber 
A for a prolonged period. The removal of 
oxygen can be checked at the Rathenau valve 
C. The hydrogen is removed, in turn, by 
melting in a high vacuum or in a current 
of argon. 

The pure iron obtained in this way con- 
tains no more than 0.001 of carbon, oxygen 
and nitrogen, and the desired additions are 
then made. Solids can be added to the melt 
by turning the branch tube FF. Carbon, it 
desired as an impurity, can also be added 
in this way in the form of pure graphite. If 
the substances to be added evaporate rather 
easily (such as manganese), the addition is 
made in pure argon instead of a vacuum. 
The additions blend homogeneously with the 
iron in a short time as a result of the cireu- 
lation set up in the bath by electromagnetic 
forces. 

Oxygen and nitrogen are added in the 
gaseous state. The equilibrium pressure of 
oxygen over liquid iron containing oxygen is 
negligibly small, so the oxygen added is en- 
tirely absorbed by the iron. The equilibrium 
pressure of nitrogen over liquid iron con- 
taining nitrogen, on the other hand, is great, 
so that only a relatively small part of the 
nitrogen added is absorbed. Moreover, when 
the metal solidifies, it gives off a large part 
of the absorbed nitrogen. As a consequence, 
the metal swells and, after solidification, 
shows large cavities. 

To obtain nitrogenous iron without cav- 
ities, the procedure is as follows: While the 
metal is liquid (at about 1600° C. 2912° 
F.) the nitrogen pressure is reduced from 
1 to 0.2 atmosphere, thereby reducing the 
equilibrium concentration in the metal from 
0.046 to 0.0210 nitrogen. The high- 
frequeney current is then switched off and 
the nitrogen pressure immediately raised 
again to 1 atmosphere before solidification 
begins. The metal then solidifies to a com- 
pact mass and, after cooling, contains from 


j Melti 
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0.022 to 0.03806 nitrogen. 
understood to a 


This effect can be 
certain extent from the 
solubility curve for nitrogen in iron. Smaller 
contents are obtained by 


choosing lower 


nitrogen pressures. 
QUENCH AGING PHENOMENA 


The Dutch apparatus was used to study 
the role played by oxygen, nitrogen and car- 
bon in the aging of unalloved iron and of 
manganese-containing iron. Pure iron was 
first prepared and known quantities of im- 
purities were added, separately or together. 

As shown by Viekers hardness determi- 
nations, carbon and nitrogen cause signifi- 
eant quench aging in iron that is otherwise 
pure. On the other hand, the quench aging 
of oxygen-containing iron is very slight. The 
addition of 0.50% Mn has no effect on the 
action of carbon, but practically suppresses 
the quench aging of iron containing nitro- 
gen. This remarkable effect of manganese 
has been confirmed by 
damping. 


determinations ot 
In experiments on the damping 
of torsional oscillations set up in wires, the 
maXimnum caused by nitrogen is broadened 
toward higher temperatures by the addition 
of Mn. 
assuming that the nitrogen atoms are situ- 
ated preferentially in the interstitial posi- 
tions which are in the immediate neighbor- 
hood of a manganese atom. 


This can be explained by 


The damping 
observed indicates that the nitrogen atoms 
can make jumps around the atoms of man- 
sganese, but that they find it difficult to leave 
these atoms. Heating for some dozens of 
hours at 200°C. (392° F.) is necessary to 
precipitate a noticeable quantity of nitrogen 
in the alloys containing manganese. 
Oxygen does not cause strain aging in 
iron. The essential cause of this phenom- 
enon is nitrogen, less than 0.001] suflicing 
to produce the maximum strain aging. Even 
at room temperature, this aging takes place 
with great speed. Strain aging due to carbon 
only appears at a noticeable speed at ele- 
vated 100°C. (212 
F.). This difference between the effects of 
carbon and 


temperatures, such as 


nitrogen) apparently depends 


Nominating Committees 


with the Constitution of the 
Metals, 
nominating 


ACCORDANCGI 
American 
Joun CHieMan 


Society for President 
has selected a 
committee for the nomination of president 
(for one vear), vice-president (for one year), 
This 
committee was selected by President Crtp- 
MAN from the list of candidates submitted 
by the chapters. 


and two trustees (for two years each). 


The personne! is: 


Chairman: Gilbert FE. Doan (Lehigh Valley 
Chapter), Head, Department of Metallurgical 
Engineering, Lehigh University, Bethlehem, Pa. 

W. B. Cheney (Fort Wayne Chapter), Inter- 
national Harvester Co., Pontiac St. & Bueter Rad., 
Fort Wayne, Ind. 

J. W. Queen (New Jersey Chapter), Jos. T. 
Ryerson & Son, Ine., 16th and Rockwell St., 
Chicago 80, TL. 

Howard E. Boyer (Springfield Chapter), 
American Bosch Corp., Main St.. Springfield 7, 
Mass. 

A.B. Wilder (Pittsburgh Chapter), National 
Tube Division, U.S. Steel Co., 525 William Penn 
Place, Pittsburgh 30, Pa. 

H. H. Heinisch (Toledo Chapter), National 
Supply Co., Toledo, Ohio, 

kh. T. Waddington (Western Ontario Chap- 
ter), Dominion Forge & Stamping Co., Ltd., 
2480 Seminole Walkerville, Ont., Canada. 

Gilbert S. Schaller (Puget Sound Chapter), 
Department of Mechanical Engineering, Univer- 
sity of Washington, Seattle 5, Wash. 

J. Y¥. MeClure (North Texas Chapter), Man- 
ager, Quality Control, Consolidated Vultee Air- 
eraft Corp.. Fort Worth, Tex. 


Lso in accordance with revisions of the 
LX constitution adopted in October 1944, a 
committee for the nomination of secretary 
for two vears) has also been appointed, 
consisting of the president of the society as 
chairman and the six immediate living past 
presidents. committee 
is as follows: Joun Crip Max, Chairman: 
Warren Jominy, Anruur E. Focker, 
K. Work, Francis B. Fotry, ALL 


Borcenoip, and Caances H 


Personnel of this 


Henry, Jn. 


week in the month of May. They will 


rwo committees will meet during the third full 


welcome 


suggestions for candidates in accordance with the @ 
Constitution, Article IX, Section 1 (b), which provides 
that endorsements of a local executive committee shall 
be confined to members of its local chapter, but indi- 
viduals of a chapter may suggest to the nominating 
committee any candidates they would like to have in 
office. Endorsements may be sent in writing to either 
chairman or any member of either committee. 


principally on the difference in their solu- 
bilities in iron. 


The time required for strain 
aging will be controlled mainly by the 
product of the diffusion coefficient and the 
solubility of carbon or nitrogen in 


iron. 
Manganese has no appreciable effect on the 
strain aging caused by carbon or nitrogen. @ 
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OLYBDENUM, With its high melting point, 
\l availability and good ereep properties, 
is one of the most promising metals upon 
Which to base new allows capable of sup- 
porting useful loads at temperatures above 
1600" F. 
culties must first be surmounted: 


However, some very serious difli- 
Molwbde- 


num forms a fusible and highty volatile 
oxide which rapidly consumes the metal 
when exposed to air above con- 


dition that may be improved by alloving. 


Properties of Molybdenum 
Made by Arc Casting 
and Powder Metallurgy 


Pure molybdenum has the reputation of 
being brittle at room temperature its 
alloys would be expected to be even more 
brittle. 


vield strength, which must be improved tor 


Furthermore, it has a relatively low 


engineering uses, and this requires alloving 
Whether oxidation resistance is essential or 
not. Duetility is therefore a primary con- 
cern both in pure molybdenum and its 
least the 
major factors which influence ductility: as 


allows, and we should know at 
measured by the tensile test. 
Previous experience in other alloy syws- 
tems and with molybdenum wire had shown 
that grain size plays a dominant role, duc- 
tility being higher the finer the grain. Com- 
plete reerystallization to an equiaxed grain 
was also found to be favorable, although in 
our early experiments annealing vielded a 


brittle molybdenum. Extensive studies of 


*The writers wish to acknowledge the 
of J. W. Marden, manager of the molybdenum develop- 
ment departinent, Bloomfield Plant, Westinghouse Elec- 
tric Corp. Also thanks are due to M. J. Manjoine for 
making the creep-rupture tests, E. T. Wessel for the 
tensile tests, and R. L. Anderson for the photomicro- 
graphs. The complete paper was presented at the April 
1951 meeting of the Electrochemical Society. 


assistance 
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By James H. Bechtold, Research Engineer, and Howard Scott, Manager 
Metallurgical and Ceramic Dept., Westinghouse Research Laboratories, East Pittsburgh, Pa.” 


its work hardening and reerystallization had 
disclosed means for rolling and annealing 
molybdenum a 


uniformly fine- 


grained and completely reerystallized 
obtained consistently. 
Particularly pertinent at the moment is the 


possibility of inherent differences in’ me- 


structure could be 


chanical properties between “powder metal- 
lurgy” and “are-cast™ molybdenum. 
Molybdenum cannot be melted and cast 
by conventional means. Nevertheless, chem- 
ically prepared powder can be 
consolidated into ingots suitable 
for working into usable forms 
by either powder metallurgy or 
The in- 
gots produced by the two proc- 


are-casting techniques. 


esses differ in chemical content. 
mechanical 
properties, as may be seen from 
Table 1. 


lower oxygen in the casting re- 


microstructure and 
The higher carbon and 


sull from the addition of carbon 
as a deoxidizing agent) appar- 
ently necessary to produce forge- 
able ingots. A deoxidizing agent 
is unnecessary in powder metallurgy molywb- 
denum, since sintering is done in a reducing 
hydrogen atmosphere. 

In the as-east or as-sintered condition, 
molybdenum is) relatively weak and very 
brittle but, after suitable working and an- 
nealing, ductility at atmospheric conditions 
is excellent in both the work hardened and 
the reerystallized conditions. However, 
there is an abrupt transition from ductile 
to brittle behavior at temperatures slightly 
below atmospheric, and service applications 
will be largely governed by this transition 
temperature. The transition temperature is 
also believed to be an exceptionally sensitive 
criterion of differences in inherent ductility. 


METAL PREPARATION 


The initial condition of the as-cast ingot 
is strikingly shown by Fig. 1.) In contrast, 
the ingot derived from powder metallurgy 
is fine-grained and equiaxed and can be 
forged and rolled at relatively low temper- 
atures (below the reerystallization temper- 
ature). Initial high-temperature forging or 
rolling breaks down the columnar grain of 


| | | 
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Working the Ingots 


the are-cast ( A.C.) ingot and it ean then be 
worked into sheet or bars by the same pro- 
cedure as the P.M. ingot. The small, equi- 
axed grain of the latter also facilitates the 
attainment of a fine final structure, since 
the only method of controlling the micro- 
structure Which in turn largely controls 
the mechanical properties — is by work 
hardening and annealing. 
For purposes of the test program to be 
described, rolling of béth A.C. and PLM. bars 
required reheats between 2060 and 1700° F. 
(The A.C. was previously hot forged to break 
down the cast structure.) The time of reheating 
was regulated to avoid erystallization so the bars 
were effectively work hardened with a reduction in 
Fig. 1 Are-Cast Ingot of area of (from 2's to round). Except for 
Molybdenum. Natural size a few molybdenum carbide 
particles in the are-cast mo- 


Table | — Description of Material Tested lvidenum. nonmetallic 


. . bd sik s \ Te ser . 
CONSOLIDATION PROCESS Anc-Cast Powben METALLURGY inclu obse rved 
the microstructure of either 
material after rolling. Both 
lots of metal were free from 


Lot identification A.C. P.M. 
Source Climax Molybdenum Westinghouse 
Impurities O.031 carbon 0.004) carbon 
oxveen OXVgen 
0.0056 nitrogen nitrogen 
Spectrographic traces Spectrographic traces 
of Fe, Si, Cu, Mg of Fe, Si, Cu, Mg bars in the as-rolled condi- 
Initial condition 2'.-in. round billet 2'.-in. round tion and then annealed for 
as hot worked. ingot as sintered. 30 min. at 2100°R. in dry 
Grain size No. 4.7 Grain size No. 94 hydrogen. This) produced 


microporosity. 
Test specimens were 


machined from the °<-in. 


tolling procedure Rolled to *s-in. round Rolled to *.-in. round the completely recrystallized 
at 1900 to 1700° F. at 1900 to 1700" 
Microstructure as an- Grain size No. 7.3 Grain size No. 7.8 
nealed 30 min, at 2100 1200 grains per 1650 grains per 


and equiaxed grain strue- 
tures shown in Fig. 2 and 3. 


F. and furnace cooled sq.tum. See Fig. 2 sq.mm. See Fig. 


specimens had plain shoul- 


Fig. 2 Worked and Reerystallized Are- Fig. 3 Worked and Reerystallized Pow- 
Cast Molybdenum, Average grain size der Metallurgy Molybdenum. Average grain 
AS.T.M. No. 7.3. Magnification 100 » size A.S.T.M. No. 7.8. Magnification 100 
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Tensile Properties of Molybdenum 


ders (see Fig. 6); reduced sections were 
0.252 in. diameter, gage lengths 1's and 
2 in. respectively. 


Tensile specimens were pulled at a 
slow, approximately constant strain rate 
of 100°) per hr., slightly slower than 
that ordinarily used for the “static” ten- 


sile test. The testing machine is some- 


what special and has been described 
elsewhere; total deformation between 
crossheads is autographically recorded. 


TENSILE TESTS 


Stress-strain curves at several tem- 
There 
is an abrupt change in the tensile prop- 


peratures are replotted in Fig. 4. 


erties temperatures slightly below 
atmospheric. True fracture 
and reduction in area (both uniformly 
distributed and at the neck) are plotted 
against test temperature in Fig. 5. Re- 
100° C. 


.) are probably low because of 


stress at 


in values above 
(212°F 


longitudinal splitting in the neck prior 


to transverse fracture. For this reason, 


- i 4 the true stress at fracture is also some- 
what uncertain. However, these condi- 
tions did not exist in the temperature 


range of most interest, namely, the tran- 


sition from ductile to brittle fracture 


and below, 

Both materials had pronounced up- 
per and lower vield points, a character- 
istic commonly observed in metals with 


Stress-Strain Curves of Molybdenum at Several Tempera- tion from ductile to brittle 
tures Show an Abrupt Change Slightly Below Room Temperature 


T T T T T 
+ 1 — 
! True Stress # 


rt 
| | | 
— — Powder Metallurgy 


| 
¢ | | | 


Total Reduction in Area 


+—+ 
O 
SUniform Reduction in Area _| 
+ 


“100-50 O 50 100 150 200 


Testing Temperature, °C. 


True Stress at Fracture and Reduction 
Plotted) Against Test) Temperature 


Fig. 
in’ Area 
the body-centered cubic structure. In molybde- 
num this is also believed to be related to the 
nitrogen content. (It may be remarked, in pass- 
ing, that the upper and lower yield points in 
annealed mild steel have also been correlated 
with nitrogen or carbon, or both.) 
The curves for total reduction in area best 
illustrate the abrupt) transi- 
behavior. Hf, for purpose of 


comparison, a) “transition 


- Arc-Cast 


@ Upper Yield Point 


0 Lower Yield Pont the point where the total re- 
& U/timate duction in’ area attains a 
ke + Fracture —+—+—¥++ 


+ 


-Powder Metallurgy 


temperature” is) defined as 


value halfway between maxi- . 


mum and minimum values, 


|_| it is +41 and —12"F. (45 
and —29°C.) for the A.C. and 
4 P.M. types of molybdenum 
it respectively. 
| Above this’ transition 
T FS zone both types have excel- 
lent ductility: below this 
zone both are completely 
| brittle. The differences do 


| | | Lu 
O 20 30 40 
Plastic Strain (% Elongation) 
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50 60 70 not indicate any significant 


superiority for the powder 
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metallurgy product) but can probably be 
attributed to a smaller grain size and normal 
variation, sample to sample. 

The transition is also apparent from the 
fractured test specimens in Fig. 6. Double 
fractures at —101 33°F. (—74 and 

36°C.) were probably caused by elastic 
shock waves: the P.M. specimens also had 
double fractures in this range. 


Types of fracture were similar in the 
two materials. Below the transition temper- 
ature, fracture occurred through the grains, 
probably the (100) erystallographic 
planes, with no measurable plastic defor- 
mation. 


on 
The fractured surface was bright 


Fig. 6 


74°C. 36°C. 20” C. 


typical of the fracture observed in most brittle 


metals that fail by cleavage 


Fractured Tensile Specimens of Are-Cast 
Molybdenum Tested at Various Temperatures 


and approximately 


Abrupt Change in Ductility 


Numerous longitudinal splits were observed 
in the necked-down region, and, because of 
the amount of plastic deformation, 
microscopic examination was difficult’ and 
inconclusive. 


large 


CAUSE OF TRANSTTION IN DUCTILITY 
An abrupt transition from duetile to 
brittle behavior is not a unique character- 
istic of molybdenum. tron and ferritic iron-base 
alloys show a similar behavior at a much lower 
temperature. The striking similarity 
difference in temperature 


Fig. 7. 


except for a 
is illustrated in 
Tungsten, tantalum, chromium and 
other metals that have a body-centered cubic 
structure will undoubtedly exhibit this be- 
havior when tested under comparable con- 
ditions. It has not been observed in metals 
and alloys that have a face-centered cubic 
structure such as copper or austenitic steels. 

The reasons for an abrupt. transition 
have not been determined; however, many 
of the factors which affect its temperature 
have been identified. Work at Westinghouse 
Research Laboratories on molybdenum, plus 
numerous that 
conditions that 
restrain the flow of the metal, or an increase 


tests on steel,* show in- 


creased strain rate, stress 


in the grain size will raise the transition 
temperature. Strain hardening induced by 

Fig. 7 — Tensile Properties of Molybdenum and 
Annealed Ingot Iron as a Function of Testing 


Temperature. The iron contained 0.020 
normal to the direction of loading. Mieroscopic 0.058 O., 0.0020 N., PL and 0.018% 
examination showed well-defined cleavage facets S; grain size was AS.T.M. No. 2 to 3. (Ae- 
which had numerous strain markings, even in the cording to G. W. Geil and N. 1. Carwile) 
specimens for which no measurable plastic defor- 100 - - 

Specimens tested in the transition range also & e . 
failed with a bright, cleavage type of fracture, 9 80 
normal to the direction of loading. The cleavage S \ 
facets had numerous strain markings and were 
rounded and somewhat distorted. d6C <¢-+ 

Specimens tested above the transition temper- & 4 
ature had a dull, fibrous type of fracture, similar id =" 
to the so-called ductile-shear fracture in mild steel. 

*Reported by F. F. Witman and F. A. Stepanoff, \ rield 
Journal of Technical Physics, U.S.S.BR., Vol. 9, 1939, p. = Ss Iron Pom 
1070; by H. E. Davis, E. R. Parker and A. Boodberg, 820 +4 
Proceedings, American Society for Testing Materials, / 

Vol. 47, 1947, p. 483; and by J. M. Hodge, R. D. Man- , 
ning and H. M. Reichhold, Transactions, American O A 


Institute of Mining and Metallurgical 


183, 1949, p. 233. 


Engineers, 


Vol. 


100 
Testing Temperature,°C 


-200 200 
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Notched-Bar Tests 


rolling, forging or drawing lowers the tran- 


sition temperature in the direction of metal 


flow or, at least, tends to retain some 


ductility below the transition temperature. 


However, the ductility normal to the direc- 


tion of flow is reduced by strain hardening. 


Nonmetallic impurities, such carbon, 
oxygen and nitrogen that form interstitial 


solid solutions, probably raise the transi- 


tion temperature. It would be interesting 
to know if body-centered cubic metals com- 


pletely free of these impurities would be- 


have in this manner. 


The effect of one of the factors on the 


transition temperature can be illustrated 


by tests on notched tensile specimens. The 


notch inhibits plastic Now and concentrates 


local stress at the root. The specimen 
sketched in Fig. 8 has a sharp V-notch 


with a calculated elastic stress concentra- 
tion factor of 38.1 at the root. Reduction 


in area, proportional limit and true stress 


at fracture for such specimens are also 


plotted. Comparing this figure with Fig. 5, 


we see that the transition from ductile to 
brittle behavior is 250 to 300° F. (120 to 
150°C.) higher than tor the standard ten- 


sile specimen, 


Probably of greater importance than 


Fig. 8 Notched-Bar Tensile Properties of 
Are-Cast and Powder Metallurgy Molybdenum 
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the higher transition temperature is the very 
low stress at fracture below the transition 
temperature. As shown in Fig. 8 these 
stresses are the average over the reduced 
area under the notch; however, because of 
the stress concentrations, a stress several 
times this average can oceur. Above and in 
the transition range sufficient plastic defor- 
mation occurs at the root of the notch to 
relieve these concentrations, but below the 
transition temperature molybdenum behaves 
in-an almost elastic manner and the stress 
concentrations are not relieved. This results 
ina high loeal stress; a erack starts and prop- 
agates at a very low average stress. If this 
average true stress at fracture is multiplied by 
3.1, the axial stress concentration factor, the 
actual stress at the root of the notch at fracture 
is found to be approximately the same as that 
for the standard tensile specimens when tested 
at the same low temperature. These results 
illustrate the importance of avoiding sharp 
changes in contour in molybdenum parts that 
must support loads especially dynamic 
loads at temperatures close to atmospheric. 
The notched specimens failed with the same 
types of fractures as those observed in the 
standard tensile specimens. 

It should be emphasized that our speci- 
mens were tested at slow strain rates.  Ae- 
cordingly, extreme caution must be used in 
applying room-temperature tensile data for 
predicting service behavior close to room 
temperature. A part fabricated from molyb- 
denum may act in an entirely different man- 
ner if the loading conditions, such as stress 
system, strain rate and size, depart materially 


from those of the tensile test. 


CREEP-RUPTURE TESTS 


Creep tests have previously been made 
on molybdenum as reported by Scott in Metal 
Progress, Vol. 58, October 1950, p. 5038, but 
his material was somewhat coarser grained 
and perhaps not as reproducible as that used 
in these later tests. On that account, it was 
fell that tests at a single temperature, 1600° F. 

871° C.), would) suffice for comparison. 
The creep testing machine described by Man- 
joine in Transactions, American Society of 
Mechanical Engineers, Vol. 67, 1945, p. 111, 
was used with an atmosphere of hydrogen. 

Data for our A.C. and P.M. molybdenum 
at 1600° F. are plotted in Fig. 9 Both have 
similar creep-ruplture properties. The are- 
east variety had a slightly longer rupture life 


4 
| 
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23 
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and slower creep rate at 20,000 psi. but not 
at 15,000 psi., so it is doubtful that there is 
any significant difference. 


Plastic strain at 
rupture is also recorded; it shows the high 
degree of ductility of molybdenum at 1600° F, 

In Fig. 10 the 100-hr. rupture strengths 
of molybdenum, iron, cobalt and two of the 
better so-called superalloys are compared. 
The rupture strength for molybdenum at 
1600° PF. was obtained from Fig. 9 and at. 
higher temperatures from tests reported by 
Scott Cin the October 1950 Metal Progress 
article) on completely reerystallized but rel- 
atively coarse-grained swaged molybdenum 
bars. Iron and commercial cobalt, both in 
the annealed condition, were tested by J. K. 


 Creep-Rupture Data at 1600° F 


Creep Fote, per Hr 


. in Hydro- 
The figures represent plastic strain at rupture 


Comparisons of Creep Properties 


probably be intermediate between iron and 
cobalt. The rupture strength of iron, 
cobalt or nickel can be increased greatly by 
proper alloying (see the curves for Refrac- 
taloy 70 and Haynes Stellite No. 31), but even 
then their rupture strength above 1650° PF. 
is no better than that of pure molybdenum. 
considerable in its 


improvement creep 


properties should) be possible by proper 
In fact, a 100-hr. rupture strength 
of over 30,000 psi. at 1600° FR. has been ob- 
tained in pure molybdenum simply by work 
hardening, but not 
feasible above the reerystallization temper- 
ature, 1650 to 1750° F. 
10 not 
mean that pure molybde- 


num would be as good a 


alloving. 


such improvement. is 


Figure does 


1073 material as the  super- 
T 
Arc-Cast alloys for normal high- 
— — — Powder Metallurgy temperature applications, 
4 ' + especially where oxidation 
r © resistance or dimensional 
> ~ <>Minimum ans 
a ~ Rot stability is required. Hot 
9 Point 74%" Creep Fate 
= ransition Foit « | molybdenum oxidizes very 
rapidly in air or other 
S pp digi 
cf Even ina reducing at 
Kt ina reducing atmos- 
8 phere, pure molybdenum 
10 100 /000 1/0000 creeps very rapidly and 


Time at Load, Hr 


Figures Represent Plostic Strain of Rupture 


Stanley in this laboratory. 
tained 
and 


The iron 
carbon, 0.04 to 0.06 
less than O.O1% 
rities: the commercial 
OL WAS Ni, 0.075 Mn, and 012°, 
Si. Refractaloy 70 is a wrought material, a 
precipitation hardened, nickel- 
cobalt alloy (Co 30, Ni 20, Cr 20, 
Fe 15, Mo & W 4, € 0.05), and 
Haynes Stellite No. 31 Cor X 40) 


con- 
OXVgen, 
total metallic impu- 
cobalt, 


a relatively large amount 
during the 
This prohibits its 
use where dimensional stability is important. 
This high initial be partially 
eliminated by work hardening, but again it 
would eventually reerystallize above 1650° F. 
with subsequent rapid creep 


initial creep 


stage 


ereep can 


The excellent 
ductility indicates that it should be possible 


Fig. 10— 100-Hr. Rupture Strenaths of Molyb 
denum, Tron, Cobalt and Two of the Superalloys 


40 To 56000 P's 
is precision-cast) cobalt-base at 1200°F 
alloy (Co 55. Cr 25, Ni 10, WwW 12. Precision Cast Stellite 
Retractaloy 70 No 3/ (or X- 40, 

When compared on the basis a 
of equivalent 100-hr. rupture 

620 | 

strengths, Fig. 10° shows that S 
molybdenum has about the same 
rupture strength as iron does /O}- 4 | | 
when 932° F. cooler, or cobalt does 3 Cobalt ~ Molybdenum 
rhe 800 (000 | 1200 1600 00°F 
strength of pure nickel has no te u 

400 500 600. 700 800 900 1000% 1100 
been reported, but it) would Temperature 
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Alloying for Improvements 


Fig. 11 


Rolling 


META 


to add a considerable amount of alloy, there- 
by improving first-stage as well as over-all 
creep strength, and still retain satisfactory 
high-temperature ductility. 


SUMMARY AND CONCLUSIONS 


Billets of are-cast and powder metal- 
the 
fully annealed and completely recrystallized 
condition. little 
varieties in 


molybdenum were prepared in 


showed 
P.M. 


range of 


Tests 
A.C, 


properties 


difference 


between and tensile 


over a temperatures 
above and below atmospheric, or in creep 
strength at 1600° F. 

The cold brittleness of molybdenum was 
found to be associated with a well-defined 
brittle fracture 
temperature 
slightly below atmospheric. The brittle con- 


transition from ductile to 


on tensile test ata only 
dition is characterized by a cleavage-type 
fracture such as occurs in iron near liquid 
air temperatures. Above the transition tem- 
perature, ductility is quite high. 

Influence of stress distribution on the 
transition temperature was studied, using a 


notched tensile specimen with a theoretical 


\ Hot Bar of Molybdenum-Base Material 
tolled Into Strip in the Westinghouse Research 
Mill. The smoke is molybdenum trioxide 
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factor of 3.1. This 
condition raised the transition temperature 
to 257° F. (125° C.). 
transition near room temperature and the 
pronounced influence of many factors call 
control of fabrication for 
maximum cold ductility. Lowering of the 
transition temperature by alloying may be 


stress concentration 


The occurrence of this 


for meticulous 


possible, as it is in iron, by the addition of 
a correct percentage of nickel. 

The creep and rupture strength of mo- 
Ivbdenum in the fine-grained annealed con- 
dition is high relative to other pure metals 
used for high-temperature alloys, is 
superior to the best of the conventional 
1650° Undoubtedly 
property can be considerably improved by 


alloys above this 
alloving and possibly some degree of atmos- 
pherie oxidation resistance could be con- 
with the 
reasonable amount of hot ductility. 


ferred as well, retention of a 

None of the tests showed any significant 
difference between A.C. and P.M. molybde- 
num in a comparable structural condition, 
although there are considerable differences 
in their hot working characteristics. Ditfer- 
ences in carbon, nitrogen and oxygen con- 
tent may be responsible for the upper and 
lower vield points observed in both mate- 
rials. Material of extremely high purity will 
have to be prepared and tested to answer the 
questions raised by these observations. Se 


— 


N ARTICLE in the December 1950 issue of 

Metal Progress dealt with the generalities 
of carbo-nitriding, such as background, 
It ventured a rule- 


of-thumb classification of the many applica- 


scope, and classification. 


tions of the process, wherein Class | included 
a large majority of the commercial uses. In 
this class the object is to produce a light 
case by heating at medium temperatures 
(1450 to 1650° F.) in a carburizing gas car- 
rying a low ammonia addition. Class II 
comprises carbo-nitriding, at low 

temperatures (1200 to 1450° F.), 

parts of thin metal which might 

be expected to 
acceptable 


distort 
limits in oa 


beyond 
normal 
hardening quench. Class IIL com- 
prises duplex treatments to give 
hard cases and annealed cores 
in the part. 

This article will attempt to 
substantiate some of the theories 
of the process by reporting cer- 
tain laboratory and production 
will deal with 
specific aspects of the common 
Class I process, such as the effect 
of ammonia on case properties; the effect of 
rate of flow; the effect of CO-CO, equilib- 
rium; and the effect of temperatures above 
1450" F. 

As was pointed out in the first article, 
contradictory results in some of the articles 


experiences. It 


published about the process are probably due 
to uncontrolled variations in the composition 
of the gas actually in contact with the work 
and uncertainties in the amount of nitrogen 
absorbed by the work. 

To perform the type of confirmatory ex- 
periments we had in mind, it was first neces- 
sary to be able to measure the very small 
percentages of undissociated ammonia leav- 
ing the heating chamber, and determine the 
percentages of nitrogen added to the speci- 
mens. The first of these problems was solved 
by the perfection of a rapid and accurate 
analytical method of ammonia determination 
in gases. 


The other problem (nitrogen analysis of 
the metal) was somewhat more difficult. In 
our early laboratory work we took turnings 
from carbo-nitrided pieces and sent portions 
of a single sample to our own chemical lab- 


By W. H. Holcroft, Executive Vice-President and Technical Director 
and D. J. Schwalm, Metallurgical Engineer, Holcroft & Co., Detroit 


oratory as well as other cooperating labora- 
tories. We were unable to get close checks 
between laboratories, so we finally discarded 
the direct chemical analysis for determining 
nitrogen. In most of our early work, there- 
fore, results of various heat treatments were 
compared microscopically. 

Figure 1 shows the results of an early 
group of four tests run in a laboratory fur- 
nace at 1510° F. gas and 


varying amounts of ammonia and propane. 


using generator 


Influence of Temperature, 
Gas Composition and Flow 


on Carbo-Nitrided Cases 


They are interesting from the standpoint of 
hardness and the microstructure of the cases 


produced. The samples used for microscopic 
examination were light sections of S.ALE. 


1020 steel. They were quenched in oil after 
2'» hr. at temperature in the gas of the 
composition indicated in the caption below 
the micros. In all tests the total volume of 
gases passing through the furnace was kept 
constant at about 24 cu.ft. per hr. 


FILE HARD CASES PRODUCED 


The photomicrographs of the 

indicate that percentages 
of both ammonia and propane influence the 
amount of austenite retained in the case and 
also the amount of “white layer” produced 
on the surface. 


cases al 


70 increasing 


All of the test pieces were 
file hard; the Rockwell hardness seemed to 
vary inversely with the amount of untrans- 
formed austenite. 

In the first test, 1-A, the atmosphere con- 
sisted of generator gas and 2'2°) propane. 
For the second run, 1-B, the propane was 
omitted and the atmosphere fed to the work 
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Structure of Carbo-Nitrided Cases 


chamber contained generator gas and 1!) 
ammonia. Both cases so produced are mar- 
tensitic, but a small amount of austenite has 
been retained in sample 1-B; at a tempera- 
ture of FR., 


in sufficient quantity in the generator gas is 


carbon monoxide supplied 


considered to have carburizing activity. For 
1-C, propane was again omitted and the am- 
monia was increased to 2!.° of the input 
gas: its microstructure shows a decided in- 
crease in the amount of austenite which has 
been retained, and also a white layer has 
For the 
fourth test, 1-D, the ammonia was kept at 


begun to form on the very surface. 


2'.° and a like quantity of propane was 
added with the generator gas. The micro- 
structure) shows) approximately the same 
amount of austenite as 1-C, with a definite 
increase in the depth of white layer; this 
seems to indicate that earbon is a constitu- 
ent of this component at the surface as well 
as nitrogen. In all runs the time, tempera- 
ture and quenching rate were the same. 


EPEECT OF VARIABLE AMMONIA 
Subsequently, several series of labora- 


tory tests were made to determine the effect 
wide variations in ammonia additions to the 


Fig. 1 
Quenched. 750 


S.A.E. 1020 Heated 2.5 Hr. at 110° 


atmosphere would have on the nitrogen ab- 
sorbed by the steel. A small laboratory fur- 
nace was used, having a retort 6 in. diameter 
by 6 in. long. Samples were low-carbon 
(0.077 ) shim stock, 0.050 in. thick, in. 
wide and I's in. long, which weighed ap- 
proximately 5 ¢. Samples were accurately 
weighed before and after carbo-nitriding and 
the gain in weight recorded. The entire sam- 
ple was analyzed for carbon and the differ- 
ence between caleulated weight gained by 
carbon and total weight gained was assumed 
to be the weight of nitrogen added to the 
steel. This could then be figured back to 
percentage of nitrogen, 

In any one series of tests the temperature 
Was maintained constant; time in furnace 
was also constant: the carrier gas and the 
natural gas flow was constant; the ammonia 
addition was the only variable. The carrier 
gas flow was maintained at either 32 or 45 
eucft. per hr. When natural gas was used 
it was at 1 cuft. per hr. Continuous Orsat 
analysis and ammonia determinations of inlet 
and outlet gases were made. The ammonia 
in the inlet gas was varied from = approxi- 
mately 3 to 33° in the different tests. 

The results of one series are shown in 
Fig. 2. These tests were all run at 1550° F.; 
time in the furnace was 1 hr.:; generator gas 
flow was 32 cu.ft. per hr.: natural gas addi- 


and Oil 


Gas additions shown are to generator 


gas. Hardness numbers are converted from 15 N readings 


Test 1-B 
1.25% NH, 
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CyHy + 2.5% NH, 
C-A7 


. 
C-56 
= 


tion was 1 cu.ft. per hr. From the data ob- 
tained it can be seen that as the percentage 
of ammonia in the inlet gas was increased, 
(a?) the amount of nitrogen added to the steel 


increased, (b) the amount of carbon added 


decreased slightly, and the Rockwell 
hardness progressively decreased. This is 


a point worthy of note because it has been 
our coptention for a number of years that 
many industrial installations use unneces- 


sarily large amounts of ammonia in their 


cearbo-nitriding atmospheres. If ammonia is 
added solely to increase the nitriding poten- 
tial of the atmosphere and not to counteract 
poor carrier gas conditions, it not only de- 
creases hardness (and wear resistance) but 
also increases production costs. 

The carrier gas for these tests conformed 
to American Gas “Assoc.’s Type 302.* — In 


Fig. 2 
After 1 Hr. at 1550" F. 
are at 500%.) 


First Series of Tests on 0.076 © 


Penetration of Carbon and Nitrogen 


by Orsat analysis. Carbon would be ab- 
sorbed by the hot metal at a slower rate 
through either dilution of CO by N, (reducing 
the number of contacts between metal and 
carburizing gas) or through the presence of 
small amounts of CO, shift the 
equilibrium of the 2CO=— 
Fe,€ + CO,). When were re- 
peated using a generator gas containing a 
higher percentage of carbon monoxide, the 


(which 
reaction 3 Fe 


these runs 


amount of carbon absorbed returned to the 
same level as in the lower ammonia runs, 
2-A and 2-B. 

While carbon and nitrogen in this series 
are reported as per cent, this is the per cent 
of weight gained by the sample, and is not 
intended as concentration of either element 


Shim Stock, Oi} Quenched 


(These and remaining micrographs in this article 
Atmosphere consisted of 32 cu.ft. per hr. of generator gas, 


1 cu.ft. per hr. of raw natural gas (principally methane), and a variable 


amount of ammonia as indicated. 


Figures for carbon and nitrogen are 


computed from weight gains and represent average for whole thickness 


0.100 N 0.16% N 


Tests 2-C and 2-D, wherein a large volume 
of ammonia was added, the carbon mon- 
oxide in the furnace gas was reduced by 
dilution to about 10%. It is believed that 
the slightly lower carbon addition in these 
samples than in 2-A and 2-B was caused by 
(CO) CO, undetectable 


a changed ratio 


N 


*This is an endothermic base, completely reacted 
by 2's times as much air as 1000-B.tu1. natural gas, and 
quickly cooled to eliminate sooting of CO. Its repre- 
sentative analysis is 39.80 Ny, 20.7% CO, 387% Ha, 
O8 CH, It is combustible, toxic and very reducing 


in nature when in contact with iron oxides at heat 
treating temperatures. See 
for August 1947, p. 256-B. 


Metal Progress Data Sheet 
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NH NH, 23° NH, NH, 
C-56 C-52 


Effect of Temperature 


in the case. Microscopic 
examination of the pieces 
showed total penetration 
of approximately 0.015 in. 
to be quite uniform in all 
the samples. 


In Fig. 2, a variation 


in the depth of hardened 
This 
may be due to slight 


ease can be noted. 


differences in quenching 
rates caused by the diffi- 
cully in moving such a 
small piece of steel from 
the work chamber through 
air to the oil quench, 
several feet away, without 
slight) variations the 

temperature of the sam- 

ples. This difficulty is not 

encountered in production, where proper de- 
sign of equipment insures uniform process- 
ing of all pieces. Furnace cooled samples, 
in Which quenching was not a factor, showed 
the total penetration to be quite uniform for 
all four gas concentrations. In these tests 
the quenched and furnace cooled samples 
were processed simultaneously for each gas 


were used for microscopic examination, while 
the furnace cooled samples were used for 
earbon and nitrogen determinations, as well 
as for microscopic examination. 

Figure 3 shows the effect of temperature 
on case structure. Furnace conditions were 
the same as 2-D with the exception that each 
sample was run at a different temperature, 


concentration. The oil quenched samples and 3-A at 1450° F. was run with a lower 


percentage of ammonia in the 


Fig. 3— Effect of Temperature on Case Structure of inlet. As would be expected, 
Sample 2-D. (Sample 3-B is the same as 2-D.) 
Figures for carbon and nitrogen are grams of element 


added to the entire sample (0.050 x 0.50 1.50: in.) 


increasing the temperature of 
carbo-nitriding has the follow- 
ing effects: (a/ The amount 
of nitrogen absorbed de- 
creases, because of the lower 
nitriding potential of the at- 
mosphere; (b) the compound 
layer formed at the 
temperatures disappears, be- 


lower 


cause of higher diffusion rates 
and the decrease in nitriding 
potential of the atmosphere; 

the amount of earbon 
absorbed increases, because 
of higher diffusion rates; (d) 
the Rockwell hardness in- 
creases, because of combined 
increase of absorbed carbon 
and decrease of absorbed ni- 
trogen; (e) the case depth 
increases, 


Test 3-B 

: because of the 
higher diffusion rates. 

Figure 4 shows the effect 

of rate of flow of the furnace 


O.0005 2. 
O.0206 


0.0093 2. 


N 0.0131 
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atmosphere. These samples were run under 
the same conditions otherwise as the two 
previous series, with the exception that no 
natural gas was added to the atmosphere 
and changes were made in the composition 
of the carrier gas. The CO was raised from 
20% to 35% by adding carbon dioxide to the 


° mixture of air and natural gas reacted in 
the standard Type 302 generator. This was 
done to inerease the carburizing power of 

. the generator gas and to show the importance 


of carbon monoxide as a carburizing medium. 
A comparison of the amount of carbon ab- 
sorbed in this series and Test 3-B (Fig. 3) 
seems to contirm this belief. The amount of 
nitrogen absorbed in these samples is less 


than in the tests shown in Fig. 3 and this is 
believed to result from the disturbance of 
the equilibrium between NH,, H, and N,. 
The carbon dioxide going into the gas gen- 
erator reduces the percentage of hydrogen 


in the carrier gas and, therefore, reduces 
the stability of the ammonia 


it dissociated 
enough to tend to replace the missing 
hydrogen. 


As shown in Fig. 4, increasing the flow 
of the furnace atmosphere above the mini- 
mum necessary for consistently good results 


Fig. 4 


Action. Tests 4-A and 
another. Specimens oil 


NH, in inlet 
15 cu.ft. 32 cu.ft. 
c-60 C-62 
0.0122 ¢. C 0.0124 
0.0088 0.0080 2. N 


Excessive Rate of Flow of Atmosphere Has no Effect 
on Carburizing Action, and Slightly Reduces the Nitriding 
1-B are one pair; 4-C and 4-D are 
quenched after 1 hr. 1550° 


Effect of Gas 


has little or no effect on the amount of car- 
bon added. It does, however, slightly in- 
crease the amount of nitrogen absorbed by 
the hot steel. 

In summarizing, it can be concluded that 
increasing the temperature of carbo-nitriding 
causes: 

1. A decrease in the amount of nitrogen 
absorbed. 

2. An increase in the amount of carbon 
absorbed. 

3. A decrease and eventual disappear- 
ance of a white layer. 

4. An increase in the Rockwell hardness. 

An increase in the percentage of ammo- 
nia in the furnace atmosphere for a given 
temperature causes: 

1. An increase in the percentage of 
nitrogen absorbed. 

2. A decrease in the amount of carbon 
absorbed. 

3. A decrease in the Rockwell hardness 

An increase in the rate of flow of the 
furnace atmosphere within reasonable limits 
has little effect other than slightly increasing 
the amount of nitrogen absorbed. S 


NH, in inlet 
15 cu.ft. 


32 cu.ft. 
C-61 


0.0133 2. 


O.0071 


0.0066 N 
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with pipe connections and 
with water coolers when the 
tilts. But 
there is the fact that, during 


vessel principally 
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Refining Steel 
With Oxygen 


KAPFENBERG, AUSTRIA 


\ symposium on the refining of steel 
with oxygen was held in December 151 in 
Leoben, Austria, which may be of especial 
interest to American metallurgists, since the 
method will be used for producing nearly 
one quarter of all Austrian steel this year. 
It is especially suitable for the blast furnace 
iron available in this country, whose compo- 
sition is 3.7 to 4.386 €, 0.2 to 1.0 Si, 1.6 to 
3.06 Mn, 0.08 to 0.206 Py and 
Molten iron is being blown to steel without 


S max. 


any external source of heat in the following 
manner: 

Basie converters of 5 to Lo tons capacity, 
of the side-blown design, while in the up- 
right position receive a proper charge ol 
molten pig iron. (As a matter of fact, the 
original experiments were made in hot- 
metal ladle at the Linz works of the Vereinigte 
und Stahlwerke.) 
vertical, water-cooled pipe about 1 in. diam- 


Osterreichische Eisen 


eter is lowered into the vessel through the 
mouth until its end just clears the top of the 
bath, and oxygen is blown through for 18 to 
20 min. Oxygen consumption is 1950 to 2000 
About 20°, 
scrap is needed to keep the temperatures 
within limits. Nitrogen in the finished steel 
is O.006 to 
no more than 2° 


cu.ft. per ton of finished steel. 


when the oxygen carries 
N, but increases to 
Phosphorus is brought down 
in the 15-ton vessel. 


when a crude 75 mixture is blown 
on the bath. 
to 0.0386 

It was pointed out by K. Rosner that 
costs are lower than the conventional pig- 
and-ore process in the openhearth, particu- 
larly if the scrap does not need to be carefully 
sized before charging. Other commentators 
testified that the quality of such steels was 
equal to or better than openhearth steel as 
to its hot and cold working properties, sta- 
bility (nonaging) and weldability. 

There are clearly several advantages in 
this system. The separation of the oxygen 
supply from the converter means that diffi- 
culties in preserving the tuyeres from damage 
during the filling and emptying of the vessel 
are entirely avoided as well as difficulties 


conversion, the point of maxi- 
(that 
is, the point where the oxygen stream im- 


mum heat development 


pinges on the metal) is removed as far as 
possible from the walls of the vessel. Thus 
at one stroke all the old trouble with exces- 
sive tuyere consumption and rapid failure of 
the converter lining is avoided. 

M. Hauttmann discussed the mechanism 
of the process, saving that direct: oxidation 
occurs mainly and very rapidly at the region 
near the end of the oxygen pipe (Cereating 
local temperatures so high that oxides of 
iron and manganese actually volatilize). 
This region of rapid reaction may be re- 
garded as a hemisphere with the oxygen 
pipe at its center; the metal in this sphere 
is Stirred violently and it continuously works 
out into the surrounding metal, being re- 
placed with other metal containing more of 
the oxidizable elements carbon, silicon and 


manganese. Metal leaving the hot center 
earries with it considerable oxygen which 


reacts with the bath some distance away. 
Franz Raparz 
Technical Director of Steel Works 
Gebruder Bohler & Co. 


High Temperature 
Scale Resistance 


Panis, France 


Getting good chemical resistance at 
high temperatures out of metals and alloys 
requires application of some general princi- 
ples that we pointed out long ago and which 
we can review summarily here. ‘To increase 
oxidation resistance of a metal, a solute ele- 
ment must be added which in itself oxidizes 
more than the solvent 


readily metal but 


whose oxide is more refractory than’ the 
oxide of the solvent that is, the oxide 
must not melt nor sublime and whose 


In other 
words, it is the physical properties of the 
oxide 


oxide is impervious and adherent. 


(refractoriness, density, plasticity, 
permeability, and such) that must receive 
consideration, 

this it 
those refractories used in industry, and in 


In view of is well to consider 


particular in metallurgical processes. These 


refractories are based on. silica, alumina, 


lime and 


and chrome oxide, or magnesia 


5 
wh 
| 
i 
| 


(used in the basic steel refining methods), 
or zirconia, beryllia, and thoria (used for 


laboratory equipment), or lastly the rare 
earth oxides (for incandescent gas mantles). 

If iron is to be the base metal, calcium 
and magnesium must be omitted from this 
list of possibilities since they do not alloy 
with iron. Among the other elements that 
could be used, we find those very elements 
that are found in heat-resistant steels, nota- 


bly chromium, silicon, and aluminum. We 4 


have already noted (in 1934) the relation- 
ship between the amounts of these different 
elements necessary to confer oxidation re- 
sistance on the steel and the atomic weights 
of these elements. 

There is the possibility of adding sev- 
eral of these elements at once, for example, 
silicon, chromium, and aluminum, as in 
“sichromal’, but new considerations arise 
here. For the oxide layer to be protective it 
must prevent union of the attacking gas and 
the underlying metal. Omitting the consid- 
eration of porous seales (which have been 
discussed by Pilling and Bedworth and more 
generally by Trombe) we can see that union 
of the reactants will occur through compact 
scales by diffusion of the ions of either metal 
or oxygen. This immediately involves the 
ionic and electrolytic conductivity of the 
seale (Wagner, Mott) and the necessity for a 
concentration gradient. Thus the best: pro- 
tection will be given by oxides that have no 
range of solid solution or which are pure 
homopolar compounds. 

In line with these remarks, it should be 
noted that electrolytic or ionic conductivities 
behave just the opposite to eleetronic (me- 
tallie) conductivity. High temperatures or 
solid solution increases these types of con- 
ductivities. In his studies on lanthanium 
and titanium oxides, Trombe finds that solid 
solution” increases conductivily, whereas 
solid solution of the metals themselves de- 
creases metallic electronic conductivity. 
Solid solutions of ZrO, and MgO furnish an 
example of solid solution. In this instance 
we find a direct substitution of magnesium 
atoms (see André Michel, Société Chimique, 
Meeting of Jan. 26, 1951). 

Consequently, if more than one oxide 
forms at the surface of the metal, it is im- 
portant that they exist as a mechanical mix- 
ture and not as a solid solution. 

These principles for obtaining good oxi- 
dation resistance at high temperatures are 
just as applicable for preventing sulphur 
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attack at high temperatures, a problem that 
is important to the petroleum industry. In 
such applications, one must consider the 
heat of formation, the density, the condue- 
tivity, and the possibility of solid solutions 


of the sulphides. 
Arsert M, Porrevin 


An Emineni 
Swiss Metallurgist 


SCHAPFHAUSEN, 
SWITZERLAND 


As a member of Tour Group 1 of the 
First World Metallurgical Congress, | was 
so struck with the value of an open inter- 
change of information that | reread the bi- 
ography of Johann Conrad Fischer, founder 
of the Swiss engineering and steel founding 
firm which bears his name. He made several 
journeys to France and England during his 
life, was an admiring friend of Michael 
Faraday (early student of alloy steels) and 
a metallurgical pioneer. His diaries cite 
many instances where he picked up valuable 
ideas from his foreign friends, and was able 
to reciprocate in kind. 

Since the very excellent “Chronology of 
Iron and Steel” compiled by Prof. Stephen 
L. Goodale of the University of Pittsburgh 
contains no reference to Fischer's work, I 
may be pardoned for citing a few items. It 
iscommon knowledge that Benjamin Hunts- 
man invented “crucible cast steel” prior to 
1750, wherein cemented (high-carbon) steel 
bar was melted in clay crucibles. However, 
practical details of process were kept secret, 
and there were only three manufacturers in 
England 50 vears later. Johann Conrad 
Fischer was the first continental to take up 
the idea, and he probably worked out the 
details independently. He exhibited “homo- 
geneous cast” steel, worked into tools, at the 
Berne exposition in 1804. Evidence indicates 
that he used very small crucibles containing 
about 20 Ib. of metal, six in a single furnace, 
charcoal fired with hot blast. [tis also in- 
ferred that his raw material was wrought 
iron (much cheaper than cemented bar) plus 
some unknown addition, undoubtedly a 
carbonaceous substance. 

The furnace he used was obviously ca- 
pable of high temperature (in fact, he once 
showed Faraday a button of melted plati- 
num), so it was only a short step to melt 
soft: steel even wrought iron. He even- 
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tually solved the problems connected with 
sand molds for soft steel castings and made 
horseshoes and gun lock parts as early as 
1840. At the London Exhibition of 1851 he 
displayed a cast bevel gear. 

While British literature and patent ree- 
ords contain references to steel castings in 
sand molds as far back as 1824, it is certain 
that the first “commercial” production of 
steel castings was in Fischer's steel works in 
Schaffhausen. The exact date cannot be 
fixed, but was somewhere around 1840. 

Johann Conrad Fischer was noted for 
other things as well notably, commercial 
production of nickel steel (called “meteor 
steel” because meteorites usually contain 
nickel) which was utilized for coining dies, 
heavy springs, and other parts where its 
high hardenability and superior toughness 
were of advantage. He also transplanted the 
British-French process of matleable iron 
into the Teutonic countries. 

Max HvuBer 
Metallurgist 
George Fischer, Ltd. 


Explosive Nature of 
Concentrated Nital 


CamepnipGe, Mass. 


The letter of W. R. Meyer, which ap- 
peared in the December 1951 issue of Metal 
Progress, calls attention to the importance 
of safety in the handling of electrolytes for 
electropolishing of metals. It seems appro- 
priate to publicize the hazard present in the 
use of another electrolyte. 

A violent explosion of approximately 
one liter of a solution consisting of 1 part 
nitric acid and 2 parts methyl alcohol oc- 
curred in our laboratory recently. The com- 
ponent liquids had been mixed with the 
usual precautions, followed by cooling. The 
solution had then been poured into a bottle 
Which previously contained orthophosphoric 
acid, but which had been cleaned by rinsing. 
The explosion occurred approximately two 
hours after the solution had been poured 
into the bottle, which was left) standing 
quietly for most of this time. Signs that 
pressure was building up in the bottle, 
which was closed by a screw cap, were ob- 
served barely in time so that injury” by 
fragments of glass was avoided. 

Possibly, some trace of orthophos- 


phoric acid remained in the bottle and 
helped to catalyze the explosive reaction. 
However, nital of high concentration has 
been known to explode in the absence of 
recognized catalytic effects while being 


stored. Although such explosions are prob- 
ably somewhat less powerful than explo- 
sions of perchloric acid electrolytes, they 
constitute a distinet danger. It should be 
pointed out that several commonly consulted 
sources of laboratory information gave the 
composition of this electrolyte, but failed to 
mention any danger associated with its use. 

The nital electrolyte had been intended 
for electropolishing muntz metal. It was 
later found that a solution of 600 ec. of 
orthophosphoric acid (85%) diluted to one 
liter with distilled water was an excellent 
electrolyte for this work. 

J. E. Reynowps, Jr. 
Instructor 
Department of Metallurgy 
Massachusetts Institute of Technology 


Dogged Metal Derrorr, Mien. 


The accompanying photomicrograph 
should provide convincing proof that even 
metal can go to the dogs. This dog’s head 
appeared in a sample of Muntz metal (60% 
Cu, 40° Zn) which was etched with ammo- 
nium hydroxide and hydrogen peroxide, 
350 &. 


Greorce L. Parrort 
Metallographer 
Michigan Division 
Revere Copper and Brass, Ine. 
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DUCTILE IRON 


Proves Its Stamina in Machinery Gears 


Black-Clawson Company of Hamilton, Ohio, reports 
several advantages obtained in their production of 
paper mill and allied equipment by replacing alloy gear 
castings and forgings with parts made from Ductile Iron. 


The gear, illustrated, is typical of these Ductile Iron 
castings. 


Not only has Black-Clawson saved critical materials 
by using Ductile Iron, but the ease of fabricating con- 
tributes to the maintenance of production schedules. 


Black-Clawson foundries now produce Ductile Iron 
in five basic grades for castings that range from less than 
a pound to more than 712 tons in weight. Tensile 
strengths up to 216,000 p.s.i., and hardness that exceeds 
400 BHN, may be attained by heat treating Ductile 
Iron. This company also successfully welds Ductile Iron 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Large spur gear on calendar drive in pulp and paper mill, 
now specified in Ductile Iron, replacing carbon steel. 


to steel, to stainless steel, and to itself. 


Ductile Iron applications include as-cast and heat 
treated components for industrial, automotive and agri- 
cultural equipment. Also, for railway and other heavy 
industrial equipment, as well as that used in textile, 
electrical, marine and other fields too numerous to list. 


Counsel and data on Ductile Iron are freely available 
to help promote intelligent utilization of critical mate- 
rials. Send us details of your prospective uses, so that 
we may offer a list of sources from some 100 authorized 
foundries now producing Ductile Iron under patent 
licenses. A list of publications on Ductile Iron is avail- 
able on request. 


67 WALL STREET 
NEW YORK 5, WY. 
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§-Curves for Chromium Stainless Steels 


Courtesy Metallurgical Department, Republic Steel Corp. 
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Rockwell C Hardness After 
24 Hr at Temperature 


12.65 Cr, 1.86 Ni, 0.10-C, 16.42 Cr, 
M,. 525” F.; M,, 450° F. M,, 290° 
Hardnesses decrease with increasing time-at- 
temperature, the minimum 
being reached after 3 hr. 


hardness generally 
Each of these steels has 
air-hardening characteristies, and 
each exhibits an apparently stable region of aus- 


pronounced 


2.44 Ni, 
F.; M,. 


tenite between 1000° F. 


softening Types 414 and 4 


nealing at 1275° F. 


0.16 
220” F. 


16.91 Cr, 0.49 Mo, 
M,. 340° F.; M,. 


and the M, 


~ ig S S 8 4 > 


1.02 
140" 


temperature. 


These steels are well suited to heat treatment 
by martempering. 


Most satisfactory 


method for 


$1 is by subcritical an- 
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The Cross Company increases production, 


eliminates distortion and scale 
AEROHEAT Heat Treating Compounds 
Austemper Spindles and Gears 

of Cross Transfer-matic 


Important in the manufacture of this 
Cross Transfer-matic for the produc- 
tion of automatic transmission hous- 
ings is the heat treatment of its spindles 
and gears. 


Spindles and gears are made of A.L.S.1. E-6150 steel. They 


ADVAN ; are brought up to a temperature of 1550°F in AERO- 


HEAT 1200, quenched at 600°F in AEROHEAT 300 and 
Using Cyanamid’s AEROHEAT 1200 and 300, Cross aircooled. Finished hardness: approximately Rockwell 


engineers increased production by speeding up heat i 
treatment . . . eliminated scale and distortion so that 
gear shaving was no longer required after heat treat- 
ment . . . increased hardness and life of gear teeth. --+ 

Versatile AEROHEAT 1200 and 300 are also used for | 
martempering other parts, while AEROHEAT 300 AMERICAN LOMPANY 
alone is used for tempering or drawing. | INDUSTRIAL CHEMICALS DIVISION | 
For effective, money saving results, let Cyanamid’s = | 30 Rockefeller Plazo, New York 20, New York | 
technical service and heat treating compounds team | (1) Send technical data sheets on AEROHEAT 300 and 1200 | 
up to help you meet rigid specifications required on (1) Have technical representative call. ; 
defense and civilian contracts .. . j Name 
Next time, call Cyanamid first. Company 
Cyanamid’s heat treating compounds include: Address__ 
AEROCARB ® Carburizing Compounds 
AEROCASE ® Case Hardening Compounds | ity State 
AEROHEAT ® Heat Treating Compounds ~~~ ~~ 

DISTRICT OFFICES: Boston + Philadelphia + Balti Chorlotte 


Cleveland + Chicago «+ Kelamesse * St.lowis + Los Angeles 
In Conede: North American Cyanomid Limited, Toronto and Montreal 
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One important key to higher 
production is improved labora- 
tory control with the world’s 
finest metallographic instru- 
ments . . . Bausch & Lomb! 


RESEARCH METALLOGRAPH—See the sample... 


photograph it... four ways! Four different accurate images 


of the same sample, for more complete identification. 


Exclusive, patented B&L features permit critical work with bright 


field, dark field or polarized light... 


with quick, easy 


change-over. For phase contrast work B&L accessories 


are simply, speedily attached. The “maximum use” 


instrument for visual observation and photomicrogra- 


phy. Catalog E-240. 


EQUIPMENT MODEL 
With proper accessories 
this one unit provides vis- 
ual microscopy, high and 
low power photomicrog- 
raphy, as well as photo- 
copying. Catalog E-210. 


Bausch & Lomb 


CM METALLURGICAL 
MICROSCOPE — For examina- 
tion of opaque objects, 
polished metal  speci- 
mens, similar materials. 
Catalog E-223. Tri-Vert 
Illuminator (optional) 
provides bright field, 
dark field, or polarized 
light. Catalog D-108. 
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STEREOSCOPIC WIDE 

FIELD MICROSCOPES —Inval- 
uable in preparation of 
polished metal speci- 
mens, study of fractures, 
porosity, macro-etched 
specimens and other low 
power metallurgical 
studies. Catalog D-15. 


BALPHOT METALLOGRAPH 
—An economical instrument offer- 

ing many advantages of highest 
priced metallographs. Permits work with 
bright field, dark field, or polarized light, 
and phase contrast. Quick-action stage 
elevating device eliminates coarse adjust- 
ment. Bright, magnified screen images... 
ideal for grain size determinations and 
group viewing. Catalog E-232. 


WRITE for complete information to 
Bausch & Lomb Optical Co., 63804 
St. Paul St., Rochester 2, N. Y. 


Equipment 


FROM LADLE 

wa TO FINISHED PRODUCT 

#2 | Select the exact equipment you need from the complete Bausch & Lomb line. 

3 
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in the Mareh issue of Metal 
Progress discussed ways and means of 
appraising metals for high-temperature serv- 
ice. It was shown that in the laboratory 
tests for strength and endurance the investi- 
gator makes every effort to maintain steady 
test conditions. For example, in a creep test, 
the temperature, load and atmosphere are 
rigidly constant. In a fatigue test, the tem- 
perature, cyele of loading, and atmosphere 
are constant. While this is necessary if re- 
producible and comparable results are to be 
secured, they fall far short 
conditions in 


of predicting 
wherein there are 
almost certain to be large variations in tem- 


service, 


perature and in nature, cyele, and intensity 
of stress. Consequently the reported proper- 
ties of refractory alloys at high temperature 
are to be accepted with reserve and in the 
light of as service experience as 
obtainable. 

The text and illustrations to follow will 
now discuss some specific alloys and some 
special tests for severe services high 
temperatures. 

In addition to high mechanical strength 
at elevated temperature, it is also desirable 
that an allow exhibit good duetilitw, 
resistance to erosion, oXidation or chemical 
attack. high 


mechanical or 


fatigue strength against 


thermal stresses, and ¢d 
adequate stability: ability: to resist pro- 
longed service at elevated temperature with- 
out significant deterioration: of important 
mechanical properties). 

Prior to World War Il alloys in’ this 
field were principally of the nickel-chromium 
family, and are rather fully deseribed in 
“Metals Handbook”, 1948 edition, p. 549. A 
wide variety of complex combinations has 
been studied in the past ten vears, based on 
cobalt, chromium, iron) or 


with 


nickel, together 


smaller amounts of molybdenum, 
tungsten, vanadium, columbium, aluminum, 
titanium or tantalum to high- 
Most of the available 


information on these complex materials has 


inerease 
temperature strength. 


been provided by sponsored research during 
the war (primarily on contracts with Na- 
tional Defense Research Council and National 
Advisory Committee for Aeronautics). Use 
of cast alloys in preference to forged is based 
on their superior properties in both creep 
and stress-to-rupture tests of long duration 


By Thomas J. Dolan, Research Professor of Theoretical and Applied Mechanics 


University of Illinois, Urbana 
The short-time high-temperature properties 
of castings, however, are definitely lower 
than those of the wrought materials. 

Wide variations in cross section of most 
turbine blades and similar equipment are 
accompanied by variations grain. size, 
region to region, in either forging or casting. 
with variation in 
mechanical properties. 


corresponding ordinary 


Little information 
appears to be availadle regarding the effect 
of metallurgical factors such as grain. size 


of 
at 
High Temperature 


Problems 
Metallic Fatigue 


on the high-temperature tatigue strength. 
Toolin and Mochel, in Proceedings, American 
Society for Testing Materials, Vol. 47, 1947, 
p. 677. indicate that the metallurgical treat- 
ment for optimum fatigue properties may be 
somewhat different from that required for 
optimum creep properties. Tf so, some com- 
promise must be reached in selecting the 
initial metallurgical treatment and process- 
ing methods. 

Precision castings offen have a coarse 
grain in comparison with the similar wrought 
materials; this is sometimes considered 
desirable for good creep resistance except 
where single grains occupy the full) cross 
section of highly where 
wide variations in the modulus of elasticity 
result. 


stressed parts or 


However, Grant found that a certain 
degree of coarseness of structure should not 


be exceeded because grain orientation will 


*Professor Dolan’s complete paper is entitled “Past 
Work on the Fatigue of Metals in the High-Temperature 
Field”, and comprises Technical Report No. 17 to Project 
NR-031-005, Office of Naval Research, U.S. Navy, Con 
tract N6-ori-71, Task Order IV. ‘The study was conducted 
in the department of theoretical and applied mechanics 
of the University of Ilinois Acknowledgment is due 
P. Mathur for assistance in collecting references and to 
F. Pintak, who aided in preparation of illustrations 
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Static Mechanical Properties 


play too large a role, sometimes causing 
early failure (Transactions, American Soci- 
ety for Metals, Vol. 39, 1987, p. 335). In 
one instance Toolin and Mochel found that 
fine-grained specimens had better fatigue 
strength at 1200° F. than another group with 
coarser grain. 

Most of the high-temperature alloys ol 
both the ferritic and austenitic types main- 
tain their strength at elevated temperatures 
through a continued aging with time, thus 
being metallurgically unstable in use. Pre- 
cipitation of complex phases within the alloys 
may alter the mechanical properties to a 
marked extent. Losses in ductility or serious 
embritthement may occur in certain of the 
Stainless and heat resisting alloy steels; 
other types may recrystallize and grow large 
Ductility and 
notch impact resistance of austenitic Cr-Ni- 
Fe alloys may 


grains on prolonged heating. 


be markedly decreased by 
prolonged exposure to elevated temperatures 
as indicated by Payson and Savage, Trans- 
actions, American Society for Metals, 1947, 
p. 404), but it is not known what effect these 
changes may have on the fatigue resistance. 
Therefore, any data presented for mechanical 
properties are applicable only to the = par- 
ticular heats processed, heat treatments uti- 
lized, and duration of the tests. 

The danger exists, of course, that “over- 


aging” with consequent loss of fatigue 
strength or other desired properties — may 


occur after considerable time at high tem- 
perature. Since the severity of the harmful 
effect and the structural changes are a fune- 
tion of the total time in service, this consid- 
eration may not be particularly important in 
those units designed for only a few hundred 
hours’ service, but it is of primary impor- 
tance where the material is expected to per- 
form continuously for many years. 
It is usually assumed that the evelic 
previous stress history does not 
metallurgical 


stress) or 
affect the character of the 
material or its properties in a manner differ- 
ent from that which would oecur from static 
stress of similar magnitude. Probably these 
assumptions are unjustified; eyvelie stress- 
ing may accelerate solid-state transforma- 
tions or cause slip or other forms of lattice 
distortions different from those caused by 


static loads. “Damping 
alloys indicate that 


studies on aluminum 
vibratory stress suffi- 
ciently prolonged may produce changes in 


metallurgical conditions that are normally 
associated with increased temperature, aging. 
and annealing. 
ing at 


Under sustained static load- 
elevated temperatures, changes in 
hardness have been observed in widely used 
precipitation hardening alloys. 

Based on a study of approximately 100 
experimental alloys, Freeman, Reynolds, and 
White (“High-Temperature Alloys Developed 
for Aireraft Turbosuperehargers and Gas 
Turbines”, Symposium on Materials for Gas 
Turbines, American Society for Testing Ma- 
terials, 1946) coneluded that a systematic 
relationship) between chemical composition 
and static mechanical properties does not 
exist, primarily because heat treatment and 
fabrication strongly influence the properties. 
Some of the fundamental reasons for varia- 
tions in properties at high temperatures are 
not understood; strain hardening from cold 
work, and size and distribution of complex 
precipitated compounds appear to be con- 
trolling factors. Prior heat treatment may 
influence the static properties of wrought 
alloys at 1700 and 1800° RF. It may be in- 
ferred from these observations on static tests 
that a similar (or even greater) variability 
may be expected in tatigue strength as a 
result of heat) treatment, 
fabrication procedure. 

When tested at 
from 400 to 800° F.. aluminum alloys are sub- 
jected to combined creep and fatigue some- 


processing and 


temperatures ranging 


What analogous to the conditions in alloy 
steels and 
1000° F. 
that the tensile strengths of aluminum alloys 
ISS-T, 32S-T, and 24S-T 
300° Fo as the testing temperature increased; 


high-temperature alloys above 
Jackson, Cross, and Berry found 


decreased above 


the tensile strength of each alloy was also 
alfected by the length of time the specimen 
was held at temperature before beginning 
the test. 
estimated that the static tensile and = vield 


As a generalization, it might be 


strengths decrease as a function of the log- 
arithm of the time at temperature. Conse- 
quently, these investigators concluded that 
the fatigue cyele frequency is an important 
factor. (See N.A.CLA. Technical Note No 
1469, March 194%.) 

Perhaps the most complete and system- 
atic survey of the fatigue properties of a 
wide variety of high-temperature alloys is 
contained in the above-cited work of Toolin 


and Mochel. They present more than 70 


fatigue curves obtained at 1200 and 1500° F 
on various alloys tested in reversed bending 


RS 

. 
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with zero mean stress. The specimen was a 
fixed cantilever beam, vibrated at a frequency 
of 120 cycles per sec. (roughly 10 million 
eycles in 24 hr.) in a machine of the mag- 
netic resonant vibratory type. Test speci- 
mens were of two sizes either 0.550) or 
0.333 in. in critical diameter. The smaller 
specimen was utilized mainly for precision 
cast specimens, which were tested with sand- 
blasted as-cast surfaces: all others were 
polished. 

The following data are scaled from S-N 
diagrams of Ni-Cr-Fe alloys tested at 1200° F. 
in the above manner: 


STRESS FOR FatLune 


16-25-6 46,000 
Hoskins 502 44,000 39,000 
GT-45 43,000 39,000 
Gamma columbium 40,000 33,000 
25-20 38,000 29,000 
25-12 32.000 23.000 


Though most of the curves are relatively 
flat, they trend toward a continuing down- 
ward slope even after 100 million cycles of 
stress. Hence it is important to state the 
number of eycles for which a high-tempera- 
ture fatigue strength is given. 

Similar characteristics are shown by the 
S-N diagrams in Fig. 1 for precision-cast 
specimens of several alloys tested at 1500° F. 
Some of the specimens aged during the test 
and increased strength with time (and 
number of eyeles); the endurance curves 
therefore were probably much flatter than 
if the materials had been stable at the test 
femperatures. 

Toolin and Mochel found that for any 
specific alloy group, those having higher 
before-test hardness generally showed supe- 
rior endurance properties. However, because 
of the instability of the as-cast specimens 
during a test, the before-test hardness of 
these alloys had less significance. Fatigue 
strength varied considerably between the 
materials in each alloy group, and of course 
between the alloys in different groups. Other 
factors besides chemical composition exer- 
cised a considerable effect on the fatigue 
characteristics at 1200 to F. For exam- 
ple, after an optimum treatment for high 
creep strength, one alloy showed a fatigue 
strength of 52,000 psi.; with a modified heat 
treatment, it was better than 80,000 psi. 

Tables | and Il show data for the alloys 
exhibiting the highest fatigue strength at 
100 million eyeles of stress at 1200 and 1500° 
F. respectively. These values show vast 


Cast Vs. Wrought 


improvement over a 0.17% carbon steel re- 
ported by Moore and Alleman, which had a 
fatigue strength of 8000 psi. for 10 million 
eyeles at 1200°F. They are also consider- 
ably above the results reported by Cross in 
1934 on low-carbon and high-carbon 18-8 
steel, ranging from 20,000 and 23,000) psi. 
for cast 18-8 to 30,000 and 32,000) psi. for 
the rolled alloy at 1200° F. 

For several of the alloys tested by Toolin 
and Mochel the wrought form gave the 
higher fatigue strength. While there were 
only two cast metals in the first 12 at 1200° 
F. (Table 1), five of them were listed in the 
highest 12 at 1500° F. 

In general, the wrought alloys exhibit 
somewhat superior fatigue resistance, where- 
as casting may often leave the metal in a 
metallurgical condition more resistant to 
creep. In the high-temperature ranges for 
which an interaction of creep and fatigue 
occurs, it becomes difficult to predict which 
of these two will limit the strength. At the 
excessive temperatures where creep becomes 
the predominant action, the cast alloys may 
prove to be superior to the same metals in 
wrought form, but at lower temperatures 
(say in the region of 1000 to 1200° F. for the 
special alloys mentioned) it seems likely that 
the metallurgical condition and surface prep- 
aration should be designed to give optimum 
fatigue life, particularly if evelic stresses of 
high frequency are to be resisted. On the 
other hand, if the fluctuations of stress are 


Alloys 


Fig. 1 S-N Curves for Some Precision-Cast 


Alloys at 1500" F.) According to Toolin and 
For code numbers and compositions see 


Mochel. 
lable I; 


for comparison with wrought alloys see Table HI 
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High-Temperature Fatigue Data 


not a major consideration, an entirely 
different metallurgical processing might 
be desirable to promote optimum creep 
strength or resistance to static stress- 
rupture. 

Fatigue strength of many of these 


alloys exceeds the static tension: stress 


perature is raised, the relation between stress 
amplitude and number of repetitions sustained 
to fracture is gradually transformed into a re- 
lation between the mean stress and the time to 
fracture. Therefore, fatigue design at exceed- 
ingly high temperatures may become primarily 
au design for creep; the effect of the alternation 
ean be disregarded if the mean stress is rela- 
tively high. 


At moderately high temperatures 
(for which the creep rate is small and the cor- 
responding static creep-to-rupture stress is rela- 
tively high) longer times would be required for 


that would be expected to produce rup- 
ture in 1000 hr. at the same temperatures. 
This is also in line with the observation 
of Moore on carbon steel and of Cross 
on IS-S8 that “the S-N curves indicate that 
a design based upon allowable deformation with- 
in the life of the 
result in a fatigue tailure”. 


the damaging effects of creep to be manifested. 


Under these conditions, and particularly for 
conditions in which the mean stress is zero, the 
will not progressive damage associated with the repeated 
This statement is, 
of course, based on the assumption that the total 


deformation 


material service 


Table If — Alloys in Order of Fatigue 
primarily creep) would normally Strength at 1500" F. 


be relatively small. 


One might predict that the creep taking place sane teenies amaidisbde: 


Name 
in a fatigue test would be somewhat more pro- 


NUMBER 

KF, 1200° F. 
nounced when the stress evele varies from zero 
to a maximum in an axial load test than in re- 
versed bending or completely reversed cycles of 
axial loading. 


102 
104 
101 
604 
301 
606 
309 
202 
602 
109 
612 


S-816 

Vitallium, rolled 
Midvale GTA 
Vitallium, cast 
A.H. Inconel “X" 
61, Stellite 23, cast 
K-42-B 

H059, cast 
Hastelloy B 

X40, cast 

N-155, low carbon 
S-S816, cast 


47.000 
44.000 
12.000 
41.000 
10.000 
38.000 
38.000 
38.000 
35.000 
34.000 
33.000 
32.000 


70.000 
63,000 
71.000 
44.000 
65.000 
14,000 
52 000 
63.000 
000% 
56.000 


The mean stress existing in the 
“zero to maximum” stress evele is one half of 
the 
versed bending is) nominally 


maximum, whereas the mean stress in re- 


Therefore. 
the effect of creep should be more significant 


with higher mean stress. 
At high temperatures Cand corresponding!y 


large creep rates) the damage produced by a 


steady stress may exceed the progressive damage * This test on an alloy of somewhat different 


from a superimposed evelic stress See Table 1. 


As the tem- composition. 


Table |— Highest Alloys Tested, in Order of Fatigue Strength*® at 1200° F. 


STRENGTH 


No. MN Si Cr Ni Mo Co Cr Tr AL 


612 
201 


Midvale GTAt 
S-816 

S-S16, cast 
Hastelloy 

202 Hastelloy B 

Sul AH. Inconel 
h-42-8 

Vitallinm, rolled 
ool H059, cast 

105 N-1553 

109 N-155, low carbon? 
N40, cast 
106 S-5900 

308 Refractaloy 
309 K-42-B 

108 Fimken No 
606 61, Stellite 
604 


O36 
120 
w.44 


72 


1o.91 
18.40 
IS.87 


$2.10 
20,2: 
10.7 
HOLS 


$5.03 
15.64 


65.000 
O35.000 
63.000 


0.22 
0.37 
W.15 
WAZ 


OD 


62.20 

33.0 
20.48 2.26 
6.74 


1.46 
DZS 
19.26 
20* 


1.02 


000 
17.9 
17.64 
28* 
28* 


55 000 
52.000 
000 
50000 
14,000 
14.000 


2.00 O30 
O05 2.45 | 0.37 
14 1.56 


22* 
35.60 
64* 


2 
23. cast 


Vitallium, cast 


* Type analysis. 

rFatigue strength at 100,000,000 cycles, psi. 

tAdditional elements: 0.15°° N in Midvale 
GTA; 0.02% Cu in Inconel 0.156 N in N-155. 


Data from “High-Temperature Fatigue Strength 
of Several Gas Turbine Alloys”, by R. R. Toolin 
and N. L. Mochel, Proceedings, American Society 
for Testing Materials, Vol. 47, 1947, p. 677. 


| 
{ 
| 
O64 541 4.00 Bal. | 
0.19 3.72 | Bal. 
O25 1.04 41.71 3.43 Bal. 
0.27 14.52 73.31 1.17 2.36 0.67 7.06 
: 1.06 Bal. 
1* Bal. 
O.25* 


loading (the cycle effect) becomes more 
significant. 

Lazan, in “Dynamic Creep and Rupture 
Properties of Temperature-Resistant Mate- 
rials Under Tensile Fatigue Stress” 
(Proceedings, American Society for Testing 
Materials, 1949, p. 757), presents definite 
information regarding such superimposed 
effects at temperatures of 1350 and 1500°1 
He tested alloys N-155, S-816, Vitallium, and 
19-9DL for creep, time-to-rupture, and uni- 


directional tension on which was super- 
imposed an alternating evelic stress (Cat a 
frequency of 38600 eyvcles per min. whose 
amplitude was either one quarter or two 
thirds the mean stress). 

Typical results are shown in Fig. 2. At 
100° RF. the superposition of an alternating 
stress did not significantly affect the time to 
rupture — the three lines are not too diver- 
gent. At 1350° F., however, the evelic stress 
had a more pronounced influence in decreas- 
ing the total life of a specimen, particularly 
for tests of relatively short duration (when 
the stresses were high). 

The allowable creep or rupture stresses 
for 200-hr. life were not appreciably affected 
by superposition of alternating stresses; the 


Effect of Superimposed Stress 


lines in Fig. 2 practically intersect at that 
time. An exception is rupture at 1350° F. 
It occurred at 200 hr. under a steady mean 
tensile stress of about 29,000 psi., but the 
allowable mean stress was reduced to 25,000 
psi. when an alternating stress of as much 
as 17,000 psi. was superimposed. 


RELATIVE DUCTILITY RATINGS 


However, as indicated in Fig. 3, the 
reiative ductility rating in static tensile 
test is quite different from that eyelie 
loading. There seems to be a tendency for 
elongation to decrease as the ratio of the 
alternating stress to the stress is 
increased. Since the decrease in elongation 
varied from 29 to 680 of the static value 
for the different) materials, the ductility 
under static loading may be significantly 
diferent from the ductility under dynamic 
loading. 

For purposes of comparison, Lazan de- 
fined a “mean dynamic static stress 
equivalence ratio E™ as indicating the ratio 
of the allowable mean stress S,. under dy- 

namic loading to the equivalent 


Fig. 2— Effect of Superimposing Alternating Loads of static stress S, which caused the 
25°) or 67° of Mean Stress on Time to Rupture of N-155 same creep or rupture behavior. I 


at 1350 and 1500° (Lazan, Proceedings, A.S.T.M.) 
A is ratio between vibration amplitude and mean stress 


E is larger than unity, it indicates 
that the additional cyclic stress in- 


60 T 


40} 


—1500°F 
+ 


+ 4 
for Fracture 


creased the life or reduced the creep: 
if EF is smaller than unity, an aecel- 
erated creep or rupture was caused 
by the evelic stress. 


4 
| Fig. 3 Effect of Superimposing 
2 Alternating Loads on Mean Stress on 


Elongation of Specimen at Fracture. 


9 


9 


w 
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(Lazan, Proceedings, AS.T.M.) 
26 
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Alternating 
When E Is Greater Than Unity. E 
mean 


Tests on Aluminum and Cast Iron 


Figure 4 shows average values for the 
several alloys tested of this ratio E for rup- 
ture and for 0.5 or 2% creep at the end of 
The solid lines show 
data obtained using an alternating stress 
S, = 0.678, and the dashed lines for S, 
Hk note that all 
rupture F. for 
0.25 show E larger than 
unity; that indicates an important fact that 


various time intervals. 


interesting to 
ereep and data at 


average 


the superposition of an alternating stress 
equal to one quarter the mean stress pro- 
duced less rapid damage than would have 
occurred if the mean stress were applied as 
load. 
tudes of alternating stress (S,--S 


a steady However, for larger ampli- 
0.67) 


or for the lower temperature (1350° F.) the 


eyelic stress accelerated the creep and rup- 
(values of E were less than 1.0). 
that “the 


of eyelic stress as an accelerator of creep 


ture 

Lazan observes importance 
and rupture decreases with increasing tem- 
peratures and, in fact, at sufficiently high 
temperatures, cyelic stress may even decel- 
Data obtained by 
Mond Nickel Co. indicate that eyelic stress 


erate creep and rupture”. 


may actually strengthen the material against 
creep When the maximum eyelie stress is in 
excess of the rupture stress for that particu- 
lar temperature 

At 1350° F., 


of 67° 


however, the superposition 
alternating stress reduced the allow- 


Lazan’s Diagram Showing That Superimposed 
Loads Increase Resistance to Deformation 
is ratio of allowable 


stress under dynamic loading to the equivalent 
static stress for the same creep behavior or rupture life 


able static stress in Lazan’s tests by as much 


as 25°,. In general, the shorter the hours 
to failure (high mean stress), the greater 
the reduction of allowable stress caused by 
the superposition of alternating stress. Thus, 
in apparatus designed for short service at 
relatively high stress levels, the acceleration 
of creep by repeated stressing at high tem- 
peratures may reduce the allowable stresses 
substantially below those which would be 
indicated solely by rupture considerations. 

Tests made by Manjoine on 14S-T alu- 
minum alloy at 400° F. are shown in Fig. 5. 
An alternating stress whose amplitude was 
10° of the mean stress was applied at a 
These data 
indicate that up to about 200 hr. the time to 
rupture under this type of pulsating load 
(upper solid 


frequency of 20 eveles per sec. 


line) was shorter than for a 


constant load equal to the mean_ stress 
(dashed lines), but the reverse was true for 
tests at low stress levels (the lines cross at 
200 hr.), so that the allowable mean stress 
for rupture in 300 hr. was actually increased 
by adding an alternating stress. The same 
inversion was observed in creep rates above 
and below 4 * 10° per hr. 


appear to represent peculiar trends similar 


These results 


to those noted by Lazan on heat resistant 
alloys at 1350 and 1500° F. 

While cast iron is not generally used 
for stress-carrying members operating at 
high temperature, interesting questions are 
raised by the data obtained by Collins. In 
the 1948 Proceedings of the American Soci- 
ety for Testing Materials (p. 696) he gives 
endurance limits of an austenitic cast iron 
as Shown on the next page. 
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Test 
TEMPERATURE 
70° 


UNNOTCHED 
SPECIMEN 


NoTcHep 
SPECIMEN 


14,000 12.600 
400 17,000 13,200 
700 14,000 14,500 
900 10,000 13,300 
1160 12,000 12,000 


The stress in the 
ured on the 


notched specimens was fig- 
net area. The austenitic cast 
iron varied little in fatigue strength in re- 
versed bending (at 2500 eyeles per min.) 
from 70 to 1160°F. Of even greater impor- 
tance is the fact that specimens with a small 
hole transverse to the axis of the eyvlindrical 
specimen (diameter one tenth the diameter 
of the specimen) had fatigue strengths as 
great as those of the unnotched specimens. 
In other words, the serious 
not weaken the cast iron, 
though data indicate that this would have 
reduced the fatigue strength of steel by at 


presence of a 


stress raiser did 


least a tactor of two. Hf high-temperature 
alloys are found to be notch-sensitive at 


working temperatures, their fatigue strengths 
may not be greatly superior to this east iron. 


DAMPING CAPACITIES 


Damping capacities of the high-tempera- 
ture alloys are too nearly alike for the differ- 


ences to be of practical significance, and 
apparently none of the present-day  high- 


temperature alloys seem to exhibit high 
damping capacity. Therefore, 


allows having fairly high fatigue 


strength have usually been se- 
lected. Some designers try to 
add to the natural damping 


characteristics by mechanical 
assembly of components rather 


Fig. 5 
num 

(Dashed Lines) 
Large 
American Society for Testing Materials, 1949, p. 788) 


as 


2. The influence of erosion, surface 
oxidation, and chemical changes induced by 
the environment. 

3. The influence of time (for 
creep to accumulate) as compared with the 
frequency with which the repeated stresses 
are applied. 


relative 


4. Modifications in the behavior caused 
by the superposition of a mean or steady 
which tends to ereep but 
which may not markedly influence the fatigue 
characteristics, 

To data on the 
combinations of circumstances that lead to 
failure in fatigue, the 
interactions of the above four parameters 
(which define the service condition) must 
be quantitatively evaluated. The parts which 
chemical and metallurgical change play in 


stress, accelerate 


obtain) fundamental 


high-temperature 


altering the properties during sustained ex- 
posure to high temperatures have not been 
fully recognized as having a major effect 
on laboratory test data. As an illustration, 
let us review the effect of pulsating loads 
on time-to-fracture when the temperature is 
high enough to cause appreciable creep. 
Limited tests made by Greenwood and 
Cole (reported in Metallurgia, Vol. 39, 1949, 
p. 121) indicate that the ereep rate of a lead 
alloy was markedly increased by the pres- 
ence of a superimposed vibration. Manjoine’s 


Creep and Rupture Tests of 14S-T Alumi- 
Alloy Disks at 400° F. Under Constant Load 
and With an Alternating Load 10% 
Superimposed.  (Manjoine, Proceedings, 


Creep Fate, in/in / Hr 
than by welding. The extremely io? 
high inherent damping capacity 40 
of some material such as cast Rupture Time, 
iron would prove highly bene- 35 ' *+- Constant Load Time t 
ficial in) minimizing the stress (Dashed Lines) 14S-T 
‘ 
range for which the blade must ~ of 400°F 
30 
be designed. 
evaluating past work 
In past work in Se PulsatngLoad Tests 
the field of high-temperature fa- = Solid Lines) 
tigue, or in planning a research < 
~ 
program for future study, the 5 20 
following factors should be give 
eareful consideration: (Read Up) 
1. The instability of Cand 
effect of changes in) the metal- 
lurgic il structure ith elapsed 10 20 40 60 BO 100 200 200 GOO 
time at the clevated temperature. Time; Hr 
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Fundamental Information Needed 


tests on aluminum alloys and Lazan’s on 
high-temperature alloys cited in Fig. 2 to o 
also present convineing evidence that the 
over-all creep may be accelerated by a super- 
imposed alternating load for certain combi- 
nations of temperature and mean stress. 
instances the presence ot 
limit the life of a 


member not only by the possibility of fatigue 


Thus, some 
fluctuating load 


fracture but also by the indirect process of 
stimulating excessive creep. Nevertheless. 
for other sets of conditions Cinvolving an 
increase of temperature in Lazan’s tests or 
for the lower stress levels in’ Manjoine’s 
tests) there may be a beneficial effect (de- 
creased creep and longer time to fracture 
The reason for this perplexing phenom- 
enon is obscure, but it might be explained by 
the probable structural changes. At high 
temperatures an accelerated precipitation of 
hardening constituents may be catalyzed 
by the alternating stress, and this strength- 
ening might be accompanied by a beneficial 
relaxation of the microstresses developed 
constituents. — At 
lower temperatures both of these beneficial 


around the precipitated 
actions would progress at a low rate per ev- 
cle, and would be counteracted by slip and 
Structural damage (on the erystalline seale) 
caused by the stress repetition. At some- 
What lower stress levels, however, for which 
the time of test is greatly increased (and for 
which the fatigue damage progresses at a 
very low rate per eyele) the beneficial eects 
may again have sufficient time to improve 
the strength of the material during the test 
or to prolong its life). 

strong need exists for fundamental 
information on the nature of the phenomena 
limiting the life of a metal in high-temper- 
ature fatigue; such information should even- 
tually lead to more accurate methods for 
predicting the useful service life of specific 
Several important 
‘to which there is at present no definite 
answer 


components. questions 
might be formulated as follows: 

1. Creep may or may not be accom- 
panied by plastie flow (that is, slip within 
the erystals).  Freudenthal (in “Types of 
Inclasticity of Structural Materials and Pro- 
cedures of Design’, Institute of Aeronautical 
Sciences, Preprint: No 1950) 
suggests that peak stresses are relieved) by 
plastic flow but are not influenced by purely 


Viscous ereep 


258, January 


On the other hand, concen- 
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trations of strain around localized regions 
of abrupt change in section are not relieved 
by flow. Is it stress or strain that is of 
prime importance, and how is the criterion 
of failure governed by the interaction ot 
creep and plastic flow? 

2. Elevated 


mobility or accelerate the place change of 


temperatures increase the 
atoms, which should facilitate greater de- 
However, the 
breakup of crystal grains by slip is opposed 


formation prior to fracture. 


by the tendeney to re-form into a limiting 
minimum stable grain size, so that reerystal- 
lization or grain growth may result) (par- 
Other 
inetallurgical changes such as precipitation, 


ticularly after plastic deformation). 


aging, and phase changes might be acceler- 
ated by repeated stressing. Does this insta- 
bility and continual change of structure lead 
to marked modifications in fracture charac- 
Are the flow and fracture criteria 
functions of (Cor altered by) the load cycle, 


teristics? 


or are they primarily dependent on time and 
temperature? 

3. For steels at room temperature, slip 
is a discontinuous process governed mainly 
by the resolved (or critical) shear stress 
level. At elevated temperatures, however, 
relaxation and recovery may allow further 
slip to proceed at the stress level. 
The disordered material within slip bands 
and along the crystalline boundaries is very 
sensitive in its behavior to the effects of 
Does the fact that hot 
metals do not exhibit a definite endurance 
limit itself to the inability of the 
material to strain harden and resist further 
inelastic action? 


time and temperature. 


relate 


1. To what extent do surface effects 
such as erosion, oxidation, chemical attack 
and film 
nucleate a 


initiate or 
fracture = at 


formation serve to 


fatigue elevated 
temperatures? 

These are only a few of the questions 
stemming from a lack of basic information. 

In summary, the author can only re- 
emphasize the need for further research and 
earefully planned experimental programs 
which seek an answer to some of these 
questions or which would serve to clarify 
the rather complex 
in high-temperature 


interactions occurring 
Only after 
contributions are made to 
our present sketchy understanding of high- 


service. 
extensive new 


temperature fatigue can the significance ot 
present data be interpreted and adequate de- 
sign procedures be evolved. Se 


- 
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A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Company, a Division of Union Carbide and Carbon Corporation, 30 East 42nd 
Street, New York 17, N. Y. + In Canada: Electro Metallurgical Company of Canada, Limited, Welland, Ontario. 


How NITROGEN Refines Grain Size... 


Produces Harder, Stronger, Tougher Chromium Steels 


When nitrogen is added to high-chro- 


mium steel, it greatly refines the grain size 
f the metal and materially increases its 
strength t h ral ness ind wear re 


SISTLAN without du tility or re 
Corrosion resistance. bor these Tea- 
son nitrogen he ining chromium steels are 
well suited for cutlery, turbine blades, and 
various machinery parts that are subject 
to extreme wear 


Added to Steel In Ferrochrome 


Nitrogen is usually added to chromium 
steels in the form of nitrogen-bearing ferro 
chr rie containing 0 75 per cent and up 
if nitrogen, 70 per cent chromium, and a 
maximum of 0.10 per cent carbon. De 
pending upon the chromium content of the 
steel, which can range between 12 and 30 
per cent, the nitrogen content may vary 
between 0.06 and 0.20 per cent. The 
amount of nitrogen added to high-chro 
mium steels should be | part of nitrogen to 
between 100 and 200 parts of chromium, 
depending upon the chromium content of 
the steel. 

Nitrogen-bearing ferrochrome is added 
to the furnace in the same manner as 
wdinary ferrochrome. Nitrogen recovery 
will average about 90 per cent 


Improves Cutlery Steel 


Cutlery steels and other martensitic 
stainless steels, such as the 12 to 14 per 
cent chromium low carbon steels that are 
used for turbine blades, are hardenable by 


heat-treatment. Hardenability and strength 
increase with the carbon content. And. 
since nitrogen Is a more powe rful austenite 
former than carbon, it is sometimes used 
1s a substitute for part of the carbon, or as 
1 supplement to the carbon, to increase the 
tre nyth and hardenability of these steel 

Nitrogen has distinct advantages over 
carbon for this purpose because ductility 
toughness, and corrosion resistance are r 
tained when nitrogen is added to steel. It 
increases the hardness of cutlery 
without detrimentally affecting toughness 
The effect of small 
additions of nitrogen in increasing the 
hardness of cutlery steels is shown in the 
table below 


steels 


or corrosion resistance 


Reduces Grain Growth 
During Hot-Working 


The ferritic high-chromium stainless 
steels to which nitrogen is added have a 
finer grain size than ferritic steels without 
nitrogen, which are comparatively coarse 
grained. These include the 16 to 18 per 
cent chromium wrought steels, high-chro- 
mium steels containing small perce ntayves 
# nickel, and beth the cast and wrought 
20 to 30 per cent chromium steels. The 
function of nitrogen when added to the 
ferritic high-chromium steels is to preserve 
a fine grain size 

The  nitrogen-bearing, high-chromium 
“ rought steels are more re idily r Hed and 
forged than comparable steels containing 
no nitrogen, because grain growth is in 


Effect of Nitrogen on the Hardness of Cutlery Steels* 

Rockwell | Brinell Hardness 
% Cr. Rc % Si Mn J, Mo c Numbers 

Hardness | (by conversion) 
13.15 0.12 0.30 0.38 oe 0.03 4) 387 
13.25 0.13 0.29 0.42 e 0.10 48 460 
13.36 0.23 0.28 0.40 ° 0.03 46 437 
13.27 0.21 0.34 0.32 ° 0.08 51 496 
12.70 0.32 0.30 0.37 0.04 50 484 
13.41 0.35 0.31 0.41 oe 0.11 56 560 
17.37 0.41 0.32 0.41 0.75 0.036 4) 382 
17.25 0.44 0.30 0.42 0.75 0.09 53 522 
17.30 0.66 0.29 0.38 aon 0.03 51 496 
17.08 0.60 0.31 0.40 ane 0.11 55 547 
17.26 0.80 0.28 0.39 0.76 0.032 52 509 
17.25 0.80 0.27 0.45 0.74 0.09 57 573 


“Steels oil-quenched from 950°C. Held 5 hr. at 200°C. and air-cooled. 


Note the extent to u hich nitrogen 6 


fines the grain size of those specimens 
containing about 27 per cent chro 

35 pe The 
mium and 0.35 per cent carbon. 1€ 
specimen at the le ft contains O.0O5 per 
cent nitrogen; the one at the right, 
0.30 per cent nitrogen. 


hibited during hot-working operations 
Greater vields are therefore obtained in roll 
ing and fabricating. Also, strength and 
toughness are increased as a result of the 
grain refinement caused by the nitrogen 


addition. 


Greater Strength for 
Austenitic Steels 


Small percentages of nitrogen will in 
crease the vield point and tensile strength 
the 
These include the well-known 18 per cent 
chromium, 8 per cent nickel steels and also 
the 25 per cent chromium, 12 per cent 
nickel steels. The improvement in strength 


chromium rik kel steels 


is gained at practically no sacrifice of work 
ibility. Furthermore, nitrogen promotes the 
formation of austenite. 


Metallurgical Service Available 


ELecrromet nitrogen - bearing ferro 
chrome is furnished in the following stand 
ard analysis: 


67 t0 71% 
0.10% max. 
6 onan 0.30 to 1.00% 
Nitrogen......... 0.75% approx., or 


higher if desired 

It is produced in lump sizes of 25 Th. by 
8 mesh, or 15 Ib. by 8 mesh; also, in a 
crushed size of 2 in. by down 

It y would like ad litional information 
about the production of nitrogen-bearing 
teels ask to have one of our metallurgist 
call, or ask for the booklet, “Nitrogen In 
Chromium Alloy Steels.” Write to the 
bove or to the wet 
thee nearest to you. Offices are in Birming 
ham. Chi Cleveland, Detroit. Lo 
Angeles, New York and San Franciseo. In 
Canada: Welland, Ontario 


given a 


ter registered tracks 
mark of Union Carbide and Carbon Corporation 


APRIL 1952; PAGE 105 


| 


William H. White 


Wittiam H. ©, retiring 
inmanager of toolsteel sales for the 
Detroit district of Allegheny Lud- 
lum Steel Corp., began his working 
eareer as a machinist, later becom- 
ing tool and die maker before en- 
tering sales work in the toolsteel 
industry. He joined the former 
Atlas Steel Co. as manager of sales 
of the Cleveland district in 1921, 
a position which he retained dur- 
ing a mergers which 
absorbed Atlas into Allegheny Lud- 
lum. In 1942 Mr. White went to 
Atlas Steels Ltd., Welland, Ont., as 
director of This company 
was operated by the’ British 
government and worked on war 
materials. In 1946 Mr. White re- 
joined Allegheny Ludlum = as 
trict manager of toolsteel sales, 
the position from which he 
retired 
nent in Various technical societies 
for many 


series of 


sales. 


dis- 


has 
now 


He has been promi- 


vears. He is past 
president of the Cleveland Chapter 
of the American Society for Metals 
and is a member of the Detroit 
Chapter at the present time. He 
member of the Detroit 
Chapters of the American Society 
of Tool Engineers and the Society 
of Automotive 


is also a 


Engineers. 
S. T. Jazwinski ©. formerly 
with the Ford Motor Co.. Dear- 
born, Mich., is now chief research 
metallureist with the Central 
and Steel Co., Harrisburg, Pa 


Iron 
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William E. Ruder 


E. Ruper @, an author- 
ity on permanent and 
magnetic materials, retired 
from the research laboratory of 
the General Electric Co., Schenec- 
tady, N. Y., after more than 44 
vears service. Although one of the 
early pioneers metallurgy in 
the United States, his most im- 
portant work has been concerned 
with magnetic materials. His 
early work in Alnico, an alloy 
of aluminum, nickel, cobalt and 
iron, resulted in permanent mag- 
nets far more powerful than those 
previously made of carbon. steel. 
He was also responsible for de- 
velopment of the so-called “soft” 
magnetic steels which hold a mini- 
mum of permanent magnetism. Mr. 
Ruder also originated the commer- 
cially important “calorizing” proc- 
ess for coating iron and other 
metals with aluminum. This proc- 
ess, introduced in 1912, is widely 
used to prevent sealing due to 
oxidation of metal surfaces. After 
serving as head of the laboratory's 
metallurgy division for 12 
in 1950 Mr. Ruder was 
manager of the then newly 
ized metallurgy research depart- 
ment. From 1933 to 1950 he was 
a director of the Allegheny Ludlum 
Steel Corp., Pittsburgh, one of the 
first companies to manufacture the 
special steels which he developed 
During World 
was consultant for the 


magnets 


vears, 
named 


organ- 


for transformers. 


War Il he 


metallurgy division of the War 
Production Board and recently was 
named consultant to the Metal- 
lurgical Advisory Board Commit- 
tee of the National Academy of 
Sciences. This board advises the 
armed forces and government 
agencies on metallurgy problems. 
Mr. Ruder is a member of the 
American Institute of Mining and 
Metallurgical Engineers, the Amer- 
ican Society for Advancement of 
Science and the American Ord- 
Association. He has been 
particularly active in the Ameri- 
can tron and Steel Institute. 


hance 


L. W. Prestin @ has been elected 
vice-president of Sunbeam Corp., 
Chicago, in charge of the industrial 
furnace division. 


Henry A. Mullen &, manager of 
the resistance welding division of 
Ampco Metal, Inc., Milwaukee, has 
recently been appointed a member 
of the Advisory Committee of the 
Resistance Welder Electrode Man- 
ufacturers Industry which works 
in conjunction with the National 
Production Authority. 


A. J. McCullough @ has been 
appointed to the newly created 
post of regional industrial manager 
of the Brown Instrument Division, 
Minneapolis-Honeywell Regulator 
Co., Cleveland. 


A. S. Kasper @ has been pro- 
moted from research metallurgist 
to staff engineer for the Houdaille- 
Hershey Corp., Detroit. 


David F. Greenawalt @ has re- 
cently taken a position as a metal- 
lurgical engineer with Rich Manu- 
facturing Corp., Battle Creek, Mich. 


Robert M. Bracy ©. a recent 
graduate of the University of Kan- 
now with Black, Sivalls & 

Inc., Kansas City. He is 
metallurgical assistant to Robert T. 
Howard chief metallurgist. 


Sus, 1S 
Bryson, 


Harvey B. Nudelman 6G, 
recently graduated from the 
versity of Illinois, 
pointed a research assis‘ant in the 
metals department at Armour Re- 
search Foundation of Illinois In- 
stitute of Technology, Chicago: 


who 
Uni- 


been ap- 


has 


James M. Warfield © is em- 
ploved by the Caterpillar Tractor 
Co., Peoria, HL, where he is work- 
ing in the metallurgical laboratory. 
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BUSINESS IN MOTION 


Substitution of materials is of considerable concern 
to many manufacturers these days. Never before 
have we seen so much interest in the subject. How- 
ever, it is by no means new to Revere, which has 
always held to the principle of recommending the 
metal that will best serve the customer. Thus, we 
have often suggested switching from one metal or 
alloy to another, with the object of lowering costs. in- 
creasing production, improving service, or all three. 

When based on a detailed study of all the factors 
involved, substitution at times can be extremely 
valuable. In fact. the ever- 
increasing quality and serv- 
ice to be found in American 
products is due in part to the 
continued search for better 
materials, and their adoption 
when found. Better materials, 
better design, finer workman- 
ship—these are part of Amer- 
ican progress. 

But there are instances, of 
course, when no practical sub- 
stitute can be found, when 
only one material offers just 
the right combination of good qualities required for 
a given application. Take the automobile radiator. 
This has always been made of copper, because cop- 
per is the one and thus far only metal that perfectly 
meets all the requirements of manufacture and 
service. To make a radiator, very thin copper sheet 
and strip must be crimped, bent and otherwise 
formed. Copper’s easy workability makes it ideal 
from the manufacturing standpoint. After assembly, 
the radiator is cleaned, and made water-tight by 
dipping in a bath of hot solder. Copper is exception- 
ally easy to solder. When in service on a car, truck 
or bus, the radiator must not rust, and must resist 


corrosion by water and anti-freeze. Copper is notable 
for its resistance to corrosion in such use. The radi- 
ator must also cool the water by radiating its heat 
into the air stream: copper-has the highest heat 
conductivity of all commercial metals. A copper 
radiator thus is the most efficient and durable. It 
should outlast the car unless accidentally damaged, 
and when the injury is not so great as to make 
replacement necessary, the nearest shop can make 
repairs easily. 

Recently it has been suggested that automotive 
radiators should be made of 
aluminum. However, both 
copper and aluminum are 
temporarily in short supply, 
and therefore to substitute 
one for the other does not 
appear to be practical. Be- 
yond that, we do not believe 
—based upon experience to 
date—that aluminum’s quali- 
ties, fine though they are, 
necessarily make it suitable 
for automotive radiators. In 
addition, the difficulties of 
retooling in the factory and repairs in the field 
must be considered. Revere fabricates both cop- 
per and aluminum, and we have reason to believe 
that our impartial advice to stay with copper for 
automotive radiators is concurred in by radiator 
manufacturers. 

When you are tempted to substitute one material 
for another in your product, no matter what it may 
be, make certain you obtain all the facts as to costs, 
production, service. Your suppliers will be glad to 
collaborate with you in studying the effects of a 
proposed change. We suggest you take full advan- 
tage of their knowledge and experience. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N.Y. 
SEE ‘MEET THE PRESS’ ON NBC TELEVISICN EVERY SUNDAY 
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Personals 


Marvin L. Nelson &, formerly 


chief engineer at) Solar’s Grand 
Avenue Works in) Moines, 
lowa, has been appointed works 
manager of Solar Aireraft) Co.'s 


new Wakonda Works, Des Moines. 


Rk. M. Woodside 
promoted to district 
manager of the Brown 
Division of Minneapolis-Honey well 
Regulator Co.. Cleveland. 


has been 
industrial 
Instrument 


Raymond J. Zale @ has resigned 
from his position as a special rep- 
resentative for Darwin & Milner, 
Inc., Cleveland, to accept a position 
as a sales metallurgist with Firth 
Sterling Steel & Carbide Corp., 
Pittsburgh. 


Rod Schrivener &. after five 
years engineering work 
with Kaiser Aluminum and Chem- 
ical Sales Ine., Chicago, has been 
promoted to manager of the market 
research section in the company’s 
New York Aluminum Development 
Division. 


of sales 


MARVEL 


While it is tue there are several builders of hack 
sawing machines and many builders of band sewing 
machines, only MARVEL builds BOTH hack saws 
and band sews. The fact is that MARVEL 
manufactures 35 models of 10 basic types of metal 
sawing machines which include the world’s fastest 
automatic production saw, the world's largest giant 
hydraulic hack saws, the world's most versatile band 
saw and the most widely used small shop saws 


With intimate and broad field experience in all types 
of metal cutting-of equipment and 35 different sews 
available, it is obvious that MARVEL Field Engi- 
neers occupy @ unique and exclusive position in 
the industry. They are eminently qualified to make 
expert and unbiased recommendations covering the 
type, size and model of metal sawing equipment 
best suited to individuel requirements — the most 
efficient, most accurate, fastest, broadest in scope 
and the most economical 


MARVEL is also the only manufacturer of both 
metal sawing machines and metal sawing blades 
Because the efficiencies of both the machine and 
the bledes are interdependent, each upon the 
capability of the other, expert knowledge covering 
both sews and saw blades is essential to the proper 
appraisal of any specific sawing situation. Cor- 
rect balance of cutting speed and blade lite 
feed pressure and blede tension are all potent 
factors in over-all performance. Here again it is 
the MARVEL Field Engineer who is qualified to 
provide the comprehensive answer to your question 
His job is to help you sew metal most efficiently — 
his services ere available upon request — gratis 


WRITE FOR CATALOG 49 


ARMSTRONG-BLUM MFG. CO. 


5700 Bloomingdale Chicago 39, USA 


MARVEL High-Speed-fEage 
WACK SAW BLADE 
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Auilds all four 


“HACK SAWING MACHINES 
“BAND SAWING MACHINES 
“BAND SAW BLADES 
“HACK SAW BLADES 


William F. Cassedy, Jr.. @ is 
now president of Aireraft) Radio 
Corp., Boonton, N. J. 


Bruce A. Hainsworth &, for- 
merly with the H. K. Ferguson Co., 
Cleveland District, is now director 
of engineering for E. RK. Squibb & 
Sons, New Brunswick, N. J. 


H. Scott Bandy & has been ap- 
pointed quality control manager 
of Chase Aireraft Co., Ine., West 
Trenton, N. J. 


Richard M. Hedstrom ©, « re- 
cent graduate of the South Dakota 
School of Mines and Technology, 
has accepted a position with the 
Caterpillar Tractor Co., Peoria, TL. 


Adolph J. Lena @ is now re- 
search metallurgist in the research 
laboratory of the Allegheny Lud- 
lum Steel Corp., Brackenridge, Pa. 


Philip C. Miller @, who recently 
graduated from Rensselaer’ Poly- 
technic Institute, is now research 
metallurgist at the Babcock & Wil- 
cox Research and Development 
Center, Alliance, Ohio. 


William J. Fretague @ recently 
joined the staff of the metallurgy 
division of Oak Ridge National 
Laboratory. He is a former grad- 
uate student and research fellow 
of the department of metallurgy, 
University of Notre Dame. 


William Gibb @ is now chief 
inspector of the Atlas Foundry & 
Machine Co., Tacoma, Wash. 


Donald T. Surprenant 


accepted position as 


research 


and development engineer at the 
metallurgical laboratory of the 
Dow Chemical Co., Midland, Mich. 


Jean G. Louvier ©, formerly 
with the Western Cartridge Co., 
East Alton, IL, is now a metallur- 
gist with the Mueller a. 
Port Huron, Mich. 


Brass 


R. T. Myer @ has been trans- 
ferred to the Massena (N. Y.) Fab- 
ricating Works by the Aluminum 
Co. of America. He was formerly 
chief metallurgist at the New Ken- 
sington Works and will occupy the 
same position at his new location. 


E. Fowler @ is now 
ploved as) plant) metallurgist at 
Michigan Standard Alloys, Ine.. 
Benton Harbor, Mich. 


Jay em- 


A. C. Paulson @ has been ap- 
pointed manager of the St. Paul 
branch of the Crucible Steel Co. 
He was formerly a district repre- 


sentative in Rockford, HL. 
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Photography makes it easy 
to see why it is hard 


: < - The pattern in this photomicrograph of etched molybdenum carbide (x 1000), 
wp) having a microhardness of 1740 to 2122 Vickers pyramid number, is the result 


of crystal orientation. The hardness varies with orientation and the photograph pro- 
vides a permanent, indisputable record of the structure. 

The metallurgist finds photomicrography a valuable tool in many ways. He uses it 
to study the results of abrasion, corrosion, and thermal treatment—to compare 
quality with specifications and check machining, welding, and cutting properties. 

This is but one of the fields in science and industry where the speed, simplicity, 
and accuracy of photography are daily solving problems and finding answers quickly 
and conclusively. To learn about the special films, plates, and pellicles available for 
photographic techniques, send for the new booklet, “Kodak Sensitized Materials 
for the Scientific and Industrial Laboratory.” It gives detailed information, in- 
cluding transmission curves for 24 Kodak Wratten Filters and filter combinations 
commonly used in photomicrography. For your copy, write to Eastman Kodak 
Company, Industrial Photographic Division, Rochester 4, N. Y. 


PHOTOMICROGRAPHY 
...an important function of photography 


Photomicrograph made by Gordon C. Woodside, Climen Matytedenum 
Go. int solution of 10% 30% 
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Personals 


D. F. Rundle @, formerly wit! 
Campbell Wyant & Cannon Found- 
ry Co., Muskegon, Mich., has taken 
a position as research metallurgist 
with Chrysler Corp.’s Central En- 
gineering Division, Detroit. 


L. F. Overhold @ has been ap- 
pointed assistant manager of engi- 
neering for the International Har- 
vester Co. of Australia Pty., Ine., 
Victoria. 


W. J. Harris, Jr.. @, formerly 
with the Naval Research Labora- 
tory, has accepted the post of ex- 
ecutive secretary to the Minerals 
and Metals Advisory Board, Na- 
tional Research Wash- 
ington, 


Council, 


Lowell T. Smith @ has been 
appointed assistant metallurgical 
engineer in the metals department, 
Research and Development Divi- 
sion, Olin’ Industries, East 
Alton, [ll He was formerly pro- 
duction supervisor in the tube mill, 
Lewin-Mathes Corp.. Monsanto, 


164 Disney Street 


A-F Washing Machines Installed 


Because They Are 


WHEN a large gear and forging plant wanted the 
fastest, most economical and efficient method of 
cleaning transmission housings and other metal 
parts, they decided upon Alvey-Ferguson job-engi- 
neered Washing Machines. Two machines in their 
battery of nine are shown above. 

Leading plants everywhere are using A-F Wash- 
ing Machines because each machine is engineered 
for a particular job! Many factors enter into the 
efficient performance of metal parts or products 
washing machines—the size and shape of the parts 
or products, kind of metal, sequence of cleaning 
or other operations involved. Because these factors 


You Can 


vary widely, no one type of machine can do all 


SEE these jobs adequately! 


The Superiority of 


A-F 


ENGINEERING 


You can be certain that an A-F job-engineered 
Washing Machine will handle your work efficiently. 
Don’t be satisfied with less! Write for a discussion 
of your metal parts or products cleaning prob- 


THE ALVEY-FERGUSON COMPANY 


Established 1901 


Cincinnati 9, Ohio 


Offices or Representatives in Principal Cities—Coast to Coast 


CONVEYING EQUIPMENT 


<i> Alvey-Ferguson 


WASHING MACHINES FOR INDUSTRY 
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Alan R. Pels @ has joined the 
staff of the research department of 
the Bridgeport Brass Co., Bridge- 
port, Conn. where he will be em- 
ployed as a research metallurgist. 


Walter Mathesius @ has retired 
from the presidency of Geneva 
Steel Co., Geneva, IIL, and is now 
consultant for the Koppers Co. 
Inc., Freyn Engineering Depart- 
ment, Chicago. 


Mitchell H. Weisman © has 
been recalled to active duty as a 
lieutenant in the U. S. Air Forces 
and is now assigned to the Opera- 
tions and Plans Office, Research 
Division, Wright Air Development 
Center at Wright-Patterson Air 
Force Base, Dayton, Ohio. 


W. K. Culp @ has been pro- 
moted to major in the U. S. Air 
Force and is now a radar instruc- 
tor at Mather Air Force Base, Calif. 


Franklin W. Daniels @ and Mi- 
chael J. Bolton @ of General Elec- 
tric Co.'s transformer and allied 
products division (Pittsfield, Mass.) 
were awarded the Mathewson Gold 
Medal recently by the American 
Institute of Mining and Metallur- 
gical Engineers. 


Willard N. Lynch, Jr.. @ re- 
cently became president of the 
Keystone Drawn Steel Co., Spring 
City, Pa. 


N. E. Philpot @ is project man- 
ager, Industrial Branch, Produc- 
tivity and Technical Assistance 
Division of the Mutual Security 
Agency, Washington, D.C. 


Richard M. Treco ©. formerly 
with Sylvania’ Electric Products 
Inc., Bayside, N.Y... is) research 
metallurgist at the Bridgeport 
Brass Co., Bridgeport, Conn. 


George M. Staples Ill @ has 
joined the staff of Columbia Uni 
versity as an assistant in the de- 
partment of chemical engineering. 


Edgar Landerman @ has re- 
cently accepted a position as man- 
ufacturing engineer with the metals 
joining laboratory, Westinghouse 
Corp., East Pittsburgh, Pa. 


P. E. Holder @, formerly a sales 
representative in the American Cy- 
anamid Co.’s Chicago district, has 
been appointed assistant district 
manager of the St. Louis district 
for the company’s industrial chem- 
icals division. 
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Diamond-saving idea 
makes them do 80% more work! 


. 
Longer Life and faster production from critcally scarce industrial 


diamonds are being obtained by this method of dressing diamond wheels: 


When wheels become grooved and out of square, true them by grinding, 
two ata time. After truing, mount wheels together in grinder and dress with 
counter-rotating 8-inch Osborn wire brush. This brushing removes some 


brass matrix, exposing the diamonds. One plant reports that this increases 
the wheel's cutting action 807%,. 


This is typical of many production aids available through your Osborn 
Brushing Analyst. Call him today or write The Oshorn Manufacturing Com- 
pany, Dept. 683, 5401 Hamilton Avenue, Cleveland 14, Ohio. 


Brus 


OSBORN POWER, MAINTENANCE AND PAINT BRUSHES AND FOUNDRY MOLDING MACHINES 


TRUE THE SURFACE. WW ith this set-up 
true two diamond wheels at a time. 
Surfaces become uniform and perfectly 
flat. Usually takes about 15 to 30 min- 
utes. 


BRUSH THE MATRIX. Rotate the two 
wheels counter to rotation of Osborn 
wire wheel brush. This dressing re- 
moves some of the brass matrix. Leaves 
the diamonds exposed 


SEE THE DIFFERENCE. I wo wheels on 
left show grooves before truing. Sur- 
face is arched. Two wheels on right 
have been trued and dressed. Dressing 
increased cutting action 80%. 
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Personals 


Guillian H. Clamer &, president 
of the Ajax Group Co., Philadel 
phia, William A. Darrah ©, presi- 
dent of the Continental Industrial 
Engineers, Chicago, and 
Adolph W. Machlet @,. chairman of 
the board, American Gas Furnace 
Co., Elizabeth, N. J.. were awarded 
the Trinks Industrial Heating 
Award for outstanding contribu- 
tions in the field) of industrial 
heating. The award was established 
in honor of Wilabald ‘Trinks, pro- 
fessor emeritus of mechanical en- 
gineering at Carnegie Institute of 
Technology, authority on the sub- 
ject of industrial heating  proc- 
esses, industrial furnaces, and com- 
bustion problems. 


‘ little ones Robert ©. Kleindinst @ of Buf- 
N 


falo has been appointed represent- 
e ative for New York State (except- 
ing the metropolitan area) and 
from hig ones Northern Pennsyvivania by the 
Dollin Corp.. Irvington, N. J., pro- 
ducers of zine and aluminum dice 


in Stainless ae 


Nathaniel C. Fick @, a member 

of the Department of Defense Re- 

CARLSON INC search and Development Board, 

from G. oO. a ® has been appointed director of the 

panel on metals and minerals of 

the newly established Committee 
on Materials 


Take advantage of the large stock of Stainless Steel plates in all active William B. Klee, Jr., &, formerly 
with Copperweld Steel Go... Glass 
port, Pa.. now heads the Damascus 
Tube Co.. Greenville, Pa. 


grades available at G. O. Carlson, Inc. 


With our specialized cutting equipment we produce to your requirements: 


Jerome W. Kaufman &., formerly 
chief metallurgical engineer of the 
analyses of stainless steel—in any size—to chemical industry standards of Naval Air Development Center at 
Johnsville, Pa. has been recalled 
to active duty as a captain, U.S. 
Army. and ois now training at 
Aberdeen) Proving Ground, Ma., 
If you fabricate stainless steels, get in touch with G. O. Carlson, Inc. for subsequent procurement dutics 
with the Ordnance Corps. 


rings, diameters, irregular shapes, small plates, and head blanks—in many 


quality. 


Irregular shapes are Powder Cut with allowance for fabricator’s final finish 


Our experience and facilities combine to give flexibility of production which ; 
Albert J. Miller @, who gradu 
is proving beneficial to all industry, ated from the University of Pitts- 
burgh recently, has been employed 
as foreman of general services in 
the openhearth division of U.S 
Steel's Duquesne District Works. 


. > Robert E. Fisher ©, formerly 
associated with the General Motors 

Corp. is now with the atomic 

gy * INC energy division of E. 1. duPont de 

Nemours: & Co.. Wilmington, Del. 

’ Stainless Steels Exclusively Charles B. Reymann @ is now 


200 Marshalton Road; Thorndale, Pa. materials and process engineer for 
PLATES ¢ FORGINGS e BILLETS ¢ BARS e SHEETS (No. I Finish) the Haves Aircraft Corp., Birming- 


w. h diatribat. 


in principal cities ham, Ala. 
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Pittsburgh's great steel industry needed an 
instrument to measure air infiltration, to 
check air requirement and fuel-air ratio 
controls in open-hearth furnaces an in- 
strument to check the stoves in which blast- 
furnace air is heated... to check precise 
atmospheres in soaking pits . to control 
fuel waste and precise atmospheres in proc- 
essing furnaces 

Tue Cries Service Heat Prover Was 
THe ANSwWer ... and it received the stamp 
of approval from engineers in 47 different 
mills in and around Pittsburgh! 


Cities Service Heat Provers . not an 


instrument vou buy, but a service we sup- 
ply helped to boost furnace productiv- 
ity through these five unique advantages 


1. Rapid continuous sampling. 


2. Simultaneous reading of oxygen and com- 
bustibles. 


3. Direct measurement of oxygen and com- 
bustibles. 


4. Easy portability. 
5. No maintenance ; no re-calibration. 


These points begin to tell you why Cities 
Service Heat Prover analyses are just as 
much favored in glass, ceramics, steam 
generation and other fields as in the great 
Pittsburgh steel area. For the full story as 
it apphes to you, write Cities Service On 
Company, Dept b20, Sixty Wall Tower, 
New York City § 
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A COMPLETE LINE OF 


PRECISION INSTRUMENTS 


new 
METALLOGRAPH 


Years ahead in simplicity and 
ease of operation. Perform 
every Operation while sitting 
comfortably at a modern desk 

compose the picture on a 
screen directly in front of you focus camera automatically while examining speci- 
men through the microscope take notes, change magnification, adjust the lamp, make 
the exposure—all with unbelievable speed, case, and precision. Other features monocular 
or binocular bodies, revolving objective turret, two lamps— visual and photographic, 
“autofocus” coarse adjustment stop 


 srencer METALLURGICAL MICROSCOPES 


From this con ¢ line of Spencer Metallurgical Microscopes you 
can select an instrument that exactly meets vour needs. Here are 
some of the many outstandi features for convenience and speed 
in Operation 
@ Americote Optics 
contrast 
@ Wide Range Adjustable Stage handics un 
or small specimens 
@ Large, Sturdy, Reseorch-Type Stand with micrometer 
screw fine adjustment interchangeable body tubes 
@ Brilliant, Uniform Mlumination trom a vertical illum. 
inator that 1s simple to operate, sturdy, and always cool 
enough to handle 
@ Variety of Equipment for teaching, routine examina- 
tions, and research 


sPencer STEREOSCOPIC MICROSCOPES 


Two distinct adv antages are offered by these instruments 
1. The image ts erect and a wide field of view 1s provided 
2. The image has depth and shows the specimen in three- 
dimensional perspective 
vantages in studying surface characteristics 
parts 

ied for examining small specimens 

t large objects. No. 353 lamp provides 


daptable source of illumination 


@ srencer BIERBAUM MICROCHARACTER 


instrument for determining the hardness of small areas, particles, and 
Microscopic ¢ ts in metals. A highly polished and lubricated specimen 1s moved 
by micrometer feec nan accur round 


This ts a precision 


c- 


ned by the width of the resulting cut 


diamond point. The pressure 1s pre 
cisely controlled so that 


when measured under the n 


For further information 

about there and other Am 54 O ical 
erican @ Optica 
urste Dept 11 COMPANY 


INSTRUMENT DIVISION e BUFFALO 158. NEW YORK 
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Friction and Wear at 
High Speeds and Pressures* 


FUNDAMENTAL investigations 

described this report) give 
some very interesting data which 
could be useful for research on such 
applications as retainers for high- 
speed bearings subject to “starvation 
lubrication” or dry friction. This 
work was initiated because of fail- 
ure of materials now used for 
antifriction bearing retainers in ap- 
plications subject to temperatures 
over 500° F.. with periods of little 
or no lubrication and high sliding 
pressures. 

Jet engines and superchargers 
are applications in which bearing 
retainers have given considerable 
trouble. The critical phase of most 
high-speed bearing employment. is 
at starting and for a short period 
thereafter. If little or no lubricant 
is present as with rotor bearings 
of turbine-type aircraft engines after 
shutdown, which results from lubri- 
cants being vaporized from the bear- 
ing parts —dry metallie contact can 
occur between the retainers and the 
raceway or rolling elements. 

At the high rotative speeds of 
these bearings (over 12,000 r.p.m.) 
and possible high pressures at points 
of local contact, it is not surprising 
that most materials fail due to 
excessive Wear and galling. In addi- 
tion to the normal pressures devel- 
oped by the centrifugal force and 
driving load, stress concentrations 
result from roll skewing. Loads at 
the ends of separator pockets are 
sometimes formed; these produce 
plastic deformation of the material 
as distinct from abrasive wear. A 
successful separator material must 
have an adequate yield strength at 
operating temperature to inhibit 
plastic deformation. 

The test apparatus consisted of ; 
13-in. diameter steel disk ( 
52100) hardened to Rockwell C 
and circumferentially ground to a 
finish of 10 to 15 micro-in. (rms.) 
simulating the surface roughness of 
antifriction bearing cage locating 
members. 

The “s-in. diameter cylindrical 
specimens were of brass, Monel, 
24S-T aluminum, Nichrome V, 
bronze, beryilium copper, nodular 

(Continued on p, 116) 


*Abstract of “Prelminary Inves- 
tigation of Wear and Friction Prop- 
erties Under Sliding Conditions of 
Materials Suitable for Cages of Roll- 
ing-Contact Bearings”, by R. L. John 
son, M. A. Swikert and E, E. Bisson, 
Technical Note 2384, June 1951, 
National Advisory Committee fox 
Aeronautics. 
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You can make better products from clean, 
smooth, flat Chase Sheet Brass and Copper. 

. Chase sheets are free from oxide coatings, excess 


grease and oil. That means they are uniform 
in color and have a bright finish. 

CMP orders. We can make favorable mill 
deliveries on authorized Controlled Materials 
orders. In many cases our warehouses can 


ship from stock. Your inquiries are invited. 


Chase BRASS & COPPER 


WATERBURY 20, CONNECTICUT @ SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


e the Nation s Headquarters for Brass & Capper 


Albany t Cleveland Kansas City, Mo. New York San Francisco 
Atianta Dallas Los Angeles Ph ladeiphia Seattie 

Balt more Denver? M iwaukee Pittsburgh Waterbury 
Boston Detrot nneapol's Prov dence 

Chicago Houstont Newark Rochester? Tsales 
Cnc.nnat Indianapo: s New Orieans St Lows office only 
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American CHemicar Paws Company at 
AMBLER PENNA. igh Speeds and Pressures 


(Continued from p. 114) 
Technical Service Data Sheet and gray cast iron. One end was 
hemispherical and contacted the flat 


tated by a vertical shaft. After the 


WITH THERMO. ® specimens and disk were suitably 
GRANODINE 


cleaned before each test, the load 
was applied on the top of the speci- 
mens by a pneumatic diaphragm for 
friction tests and dead weights for 


INTRODUCTION wear tests. 
Fabricators and product designers, particularly in the automotive field, Dry friction tests were made 
are aware that even highly polished surfaces under friction weld, gall and with a load of 100 g. and sliding 


speeds of 75 to 18,000 ft. per min. 
Frictional force was measured by a 
dynamometer ring equipped with 
or steel. the “Thermoil-Granodine” manganese-iron phosphate coating strain gages, readings being ob- 
provides a wear-resistant layer of unusual effectiveness. tained on a potentiometer converted 
to a friction-force indicator. The 
duration of load, speed and photo- 


score. One of the most inexpensive and practical methods of preventing 
this is to coat the metal to prevent metal-to-metal contact. With cast iron 


e 

‘THERMOIL-GRANODINE” graphing of friction records were 
PROTECTS RUBBING controlled by a synchronized timer 
PARTS which operated on a 3-sec. cycle. 


All dry friction tests were made on 
the same wear track with the friction 
readings being made at progres- 
sively higher speeds, approximately 


Thermoil-Granodizing removes 
“fuzz” from ferrous metal friction 
surfaces and produces a coating of 


non-metallic, water-insoluble manga- six readings being taken through the 

nese-iron phosphate crystals which speed range. 

soak up and hold oil as bare untreated Friction of boundary-lubricated 

metal cannot do. The oiled crystalline surfaces was determined by rubbing 

“Thermoil-Granodine” coating on a very thin film of a petroleum lubri- 

piston rings, pistons, cylinders, cylin- cant (Air Force 3519-2) on the disk 

der liners, cranks, cam-shafts, gears, using lens tissue. The speed in this 

tappets, valves, spiders and other test was maintained at 5000 ft. per 
ee yn ey = rubbing parts, allows safe break-in min. with increasing loads in incre- 
surface of pr rducts like the diesel engine liners operation, eliminates metal-to-metal ments of 119 g. nea to = a 
shown above and the many moving parts of load of 1593 g. until either visible 
automobiles and other machines. "Thermoil contact, maintains lubrication and 

Granodine” with its, remarkable lubricating of metallic transfer (galling) or fric- 

to retain oil and maintain lubrication under sag ce, ~ 5 believed that the initial lubricant 
“- ressure and high ve — ACP the metal. The work to be Protective- films deposited on the disk were ap- 
beosk-in without scoring, scuffing and welding ly treated is merely Thermoil-Grano- proaching monomolecular thickness 
but also reduces subsequent wear on friction dized and oiled, usually with a at the point of contact. 

soluble oil. Wear tests were conducted for 


3 hr. on each material under dry 
surface conditions using two loads, 
50 and 269 g., and a constant speed 


“THERMOIL-GRANODINE” MEETS THESE SPECIFICATIONS 


SPECIFICATION NUMBER SPECIFICATION TITLE of 5000 ft. per min. The determina- 
MIL-C-16232 Coatings — phosphate; oiled, slushed, or waxed tion for wear ‘was made by the vol- 
Type I (for ferrous metal surfaces) and phosphate ume of material removed at the 

- _|__ treating compounds. cu hemispherical contact point. This 

AN-F-20 Finist was calculated from the observed 
(See also U.S.A. 3-213) eS a area of contact and also by weigh- 

USA. $70.2 ing the specimen. Weight loss could 


Type I, “rie A Finishes, protective, for iron and steel parts. be reproduced within +10% for a 
U.S.A. 51-70-1 Painting and finishing of fire control instruments; 
Finish 22.02, Class A general specification for ; F rhe data obtained for dry fric- 
_ tion shows that bronze had the low- 
M-364 Navy aeronautical process specification for com- est coefficient, approximately 0.20 
pound phosphate rust-proofing process. for light load and low speeds; 
Nichrome V had the lowest for high 
speed, followed closely by Monel. 
The cast irons had a characteristic 
curve starting at approximately 0.40, 
rising toa maximum of 0.60 between 
(Continued on p, 118) 


WRITE FOR FURTHER INFORMATION ON 
ACP “THERMOIL-GRANODINE” AND ON YOUR OWN METAL 
PROTECTION PROBLEMS. 


CHEMICALS 


PROCESSES 
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Customer Reports: | ‘= 


ONLY 250 LBS. REJECTED OUT OF 2,000,000 
WITH ASARCQ CONTINUOUS CAST BRONZES! 


prominent manufacturer of railroad equipment reports: 


Only 250 Ibs. of Asareo Continuous Cast bronze rejected 
out of a 2.000.000 Ib. experience ... better properties than 


other bronzes... scrap losses practically eliminated. 


There are virtually no rejects when you use Continuous 
Cast bronzes. The unique Asarco casting process gives you 
bronze rods, tubes and shapes with fatigue and impact 
characteristics up to LOO‘, better than those of sand cast 
bronzes... with better tensile strengths. yield strengths and 


hardnesses ... with no porosity, no hard or soft spots. Asarco | 


Continuous Cast bronzes are ideal for use on automatic 


screw machines, 


You can get Continuous Cast bronzes made to order in 
a wide variety of alloys...in standard lengths of 12’... 
lengths 5’ to 12’ on request... lengths 12’ to 20’ on special 


arrangement, 


216 sizes of the standard Asareon 773 bronze (SAE 660) 


are stocked in 105” lengths for convenience at warehouses 
in principal cities across the country, Distributors will cut 
the warehouse stock to suit your specific requirement .. . 


long or short. 


American Smelting and Refining Company 
Perth Amboy Plant, Barber, New Jersey 


Please send me a free copy of the new 12-page catalog 


“ASARCO Continuous-Cast Copper Alloys.” 


Name Tithe 


West Coast Sales Agent 
KINGWELL BROS. LTD., 444 Natoma Street, San Francisco, Calif 


American Smelting and Refining Company 


OFFICES: Perth Amboy Plant, Barber, New Jersey 
Whiting, Indiana City Zone State 


Company 
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Factors Affecting the 
Corrosion Resistance of 
Stainless Steels 


Norman S. Mott 
Chief Chemist and Metallurgist 
The Cooper Alloy Voundry Ca. 


Much doubt exists todav as to 
the influence on the corrosion re- 
sistance of stainless alloys of such 
factors as metal surface condition, 
grain size, cold working, chemical 
composition, magnetism and pas- 
sivitv. This discussion will at- 
tempt to explain these factors and 
their intluence 


1. The smoother the surface of 
the metal, the better the corrosion 
resistance; thus ground or machined 
surfaces are better than those which 
are sand blasted, and a polished 
surface 1s the best 


2. Small grain size in austenitic 


stainless steels decreases the tend- 
encyv to intergranular attack, but 
the general over-all corrosion rate 
is not affected to anv great extent 
by grain size 


3. Cold working austenitic stain- 
less steels decreases the tendency to 
intergranular attack through the 
production of a small grain size and 
precipitation of carbides along 
strain lines rather than at the grain 
boundaries. Its effect on the over- 
all corrosion rate, however, 1s to 
increase it 


4. Chemical clements such as 
chromium and aluminum are cor- 
rosion resistant in joxidizing acids, 
and others such as nickel, copper 
and tungsten are Corrosion resistant 
in reducing baths. Some, such as 
molybdenum and silicon, are resist- 
ant to both. Alloyed, these proper- 
CicSs Mav reverse to a certain extent, 
however, in general, their corrosion 
tendencies hold true for the more 
gross additions 


Copses of this article reprinted n heavy 


tock f 


A regular service of The COOPER ALLOY Foundry Co. Hillside, N J 


“FOPIES 


5. Magnetism in stainless steel 
is produced by the chemical com- 
position balance and or cold work 
Its effect on the corrosion resistance 
is related only to that effect pro- 
duced by these sources directly, and 
not to the magnetism as such 
Chromium, silicon, molybdenum, 
columbium and titanium form a 
magnetic phase known as ferrite; 
and nickel, carbon and manganese 
form the non-magnetic phase aus- 
tenite. The balance of these ele- 
ments, considering their relative 
degrees of potency, determines 
whether or not the stainless steel 
is magnetic. The presence of ferrite 
in moderate amounts (5-10) in 
the austenitic stainless allovs 
greatly decreases the tendency to 
intergranular corrosion but has 
little effect on the over-all corrosion 
rate. Ferritic-tvpe alloys do not 
corrode intergranularly 


6. Passivity, a condition of no- 
bilitv on low corrosion rate, is 
mainly a physicochemical surface 
characteristic of stainless steel, and 
is produced mainly by its chromium 
content. Passivity ts first apparent 
around 12% and 1s not really effec- 
tive until about 18° 1s reached. 
Additions of nickel increase the 
passive effect, and thus an 18 chrome 
8 nickel alloy 1s more corrosion 
resistant than the 18% chrome type. 
Passivity 1s further promoted by 
additions of certain other elements, 
mainly molybdenum. The exact 
nature of passivity is still in dis- 
pute; however, it 1s known that 
while some media promote pas- 
sivity, others break it down. Air, 
oxygen, adsorbed gases, nitric or 
chrome acids, and a high polish 
promote passivity, and chlorides, 
hydrochloric or sulfuric acids break 
it down. In dilute hydrochloric 
and sulfuric acids, 18-88 and 18- 
SMo remain passive until a critical 
percentage or temperature 1s reached, 
then passivity breaks down and 
active violent corrosion proceeds 


r convensent filing are avaslable on request 


COOPER ALLOY foundry Co. Hillside, NJ. 


METAL PROGRESS; PAGE 118 


Friction and Wear at 
High Speeds and Pressures 


(Continued from p. 116) 
2000 and 6000 ft. per min. and re- 
turning to 0.40 at high speed. 

Under boundary lubricated con- 
ditions at a constant speed (S000 ft. 
per min.) and variable load, the 
24S-T aluminum had the lowest co- 
efficient at low loads (400 nodu- 
lar iron and bronze at high loads, 
followed closely by Nichrome  V. 
Monel had the most inconsistent 
friction curve of all, with a spread 
of more than 

The results of wear tests show 
that brass, beryllium copper and 
aluminum are relatively poor, even 
Monel at high loads 
behaves as badly as brass. The cast 
irons showed the lowest wear and 


at low loads. 


greatest freedom from galling. 

The prevention of galling is at- 
tributed to the formation of surface 
films. Whether a film can form de- 
pends on the characteristics of the 
material and its temperature; for 
Monel, beryllium copper and = Ni- 
chrome V it may be due to an un- 
stable oxide film that is formed, 
giving rise to variable friction and 
galling. Gray cast iron and nodular 
iron, on the other hand, would pro- 
duce graphitic carbon as the depos- 
ited film, whereas bronze would 
produce a lead film. 

Nodular cast iron, on the basis 
of its wear, would be indicated for 
bearing separator use, provided its 
strength is adequate for the purpose. 
Its self-contained graphite appar- 
ently provides a nonwelding inter- 
face, even at high temperatures. The 
oxide-forming films, particularly 
with the Nichrome V material, show 
interesting possibilities if they can 
be formed and renewed at all tem- 
peratures. Those of Monel appar- 
ently are very unstable throughout 
the temperature range. 


COMMENTS BY REVIEWER 


The results of this investigation 
confirm previous experience that the 
strength of the base material at op- 
erating temperatures and pressures 
is not the criterion for galling fail- 
ure. Both nodular cast iron and 
Monel were tested at approximately 
the same Hertz stress level; vet 
nodular cast iron had minimum 
wear. Strength data for these are: 


TENSILE YIELD 
STRENGTH STRENGTH 
Nodular 
Cast Iron 80,000 50,000 
Monel 110,000 100,000 


The modulus of elasticity for the 
(Continued on p. 120) 
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I, THE STORAGE and trans- 
portation of liquefied gases such 
as air, Oxygen, nitrogen, hydrogen 
and helium, evaporation losses are the big problem 
(containers can’t be sealed because of explosion risks). 
If insulation is not adequate for the minus-452 F tem- 


peratures encountered, losses are costly. 


Hofman Laboratories, Inc., of Newark, N. J. took a 
big forward step and made some radical changes in 
container design. Resembling a giant picnic vacuum 
bottle, the “Standard” Hofman Container is constructed 
of an inner and outer copper sphere separated by an 
extremely high vacuum. Bulky insulation is eliminated 
and, through the use of polished copper, surface radia- 


tion losses are greatly reduced. 


Here, as in many other industrial applications, copper 
does a multi-purpose job better than any other metal by 
providing: (1) the ductility and malleability necessary 
for deep-spinning the hemispheres, (2) an unequalled 
metal for soldering, and (3) a smooth-surface, fine- 


grain metal that will readily take a mirror-like finish. 


Anaconda Metals are made by The American Brass 


Company, General Offices: Waterbury 20,Conn. AN CON pA 


Vacuum 
(10-5mm of 


COPPER and BRASS 


a 
W's as 
id conse 
Spun Copper {7 
ghese Outer Sphere 
en 2 “Chemical 
Cutaway ton 3s Hofmor jerd C 
Here Hert een pointrg to t 
- 


product 


o Totally enclosed, dirt and 
dust-proof ‘‘Zerominder" 
dial gauge 


Gripsel clamp screw for 
quick change and proper 
seating of penetrator 


All controls grouped con- 
veniently 


Enclosed, easy-to-reach 
variable speed dash pot 


Standardized 
weights 


J-Model 
“ROCKWELL” Hardness Tester 


5 Important“ ROCKWELL” Features 


You can be sure of the hardness of incoming 
metals and the various parts or products you ship to 
your customers if you use a WILSON ‘“‘ROCK- 
WELL” Hardness Tester. Only in the WILSON 
will you find these five important features which 
assure accuracy and ease of operation. 

There are two types of WILSON “ROCKWELL” 
Hardness Testers . . . Regular and Superficial. They 
come in many styles with accessories for testing flats, 
rods, rounds, and odd shapes. For micro-indentation 
hardness testing, there is the WILSON TUKON. 

Write for information and let us make recom- 
mendations. *Trade Mark Registered 


WILSON 
“ROCKWELL” 
and TUKON 


WILSON MECHANICAL INSTRUMENT DIVISION Hardness 
AMERICAN CHAIN & CABLE Testers 


230-F Park Avenue, New York 17, N. Y. 
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Friction and Wear at 
High Speeds and Pressures 


(Continued from p. 118) 
iron is 23 million and for Monel it 
is 26 million psi. 

The explanation as suggested in 
the paper would appear to be valid, 
that an active built-in material can 
produce a surface film having a 
shear plane of weakness less than 
the shear strength of either contact- 
ing bodies. It is known that effee- 
tive “boundary lubrication” is due 
to films deposited on the surface, 
either from the fluid lubricant (ex- 
treme-pressure lubricants) or solid 
lubricants, such as graphite and 
molybdenum, or the less effective 
oxide films. 

Because it is impossible to build 
up effective hydrodynamic lubrica- 
tion between the sliding members at 
very high surface speeds due to nar- 
row contacts and insuflicient lubri- 
cant, it would appear that solid 
lubricants incorporated into the 
base material, such as graphite and 
molybdenum, are the most promis- 
ing at present. In this respect 
graphitic steel might also have 
merit. Powdered metals incorporat- 
ing low friction-active solids could 
be effective. 

Although these films might be 
effective for the most severe appli- 
cations of dry friction, an improve- 
ment that might be considered is 
that of the geometrical shape of sep- 
arator load-carrying members. to 
obtain the optimum hydrodynamic 
effect. Apparent contact area’ as 
such is not a parameter of effective 
galling prevention. 

While the loads carried in fric- 
tion tests with “boundary lubrica- 
tion” show final Hertz pressures of 
only 640 psi. maximum after 48 sec., 
it would appear that the range of 
pressure for effective operation 
would be something less than the 
55,000-psi. yield strength of cast iron 
to prevent local plastic deformation 
arising from stress concentrations 
caused by roller skewing. 

Bopen 


The Chromium Plating 
of Light-Metal Cylinders* 


LUMINUM ALLOYS have long been 

realized to be very desirable 
for cylinders as well as pistons of 
internal combustion engines. This 
is because their thermal conductiv- 

(Continued on p, 122) 

* Abstract of “Light Metal Chromed 
Cylinders”, The Engineer, Vol. 192, 
July 27, 1951, p. 115. 
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most any product in most any 
industty can be made better with 


Dowicide® A is water soluble and is, 
therefore, easily added to water ex- 
tended adhesive solutions giving them 
protection from decomposition caused 
by mold and bacterial attacks. 


Dowicide A is used to disinfect build- 
ings, egg storage rooms, and poultry 
feeding stations. When used in the wax 
emulsion coating, it protects citrus 
fruits from blue mold and stem-end rot. 


Dowicide A protects soluble oil emul- 
sions from bacterial decomposition 
and the accompanying unpleasant 
odors, emulsion breakdown, and the 
clogging of screens. 


Dowicide A is used effectively to dis- 
infect contaminated walls before the 
application of a mold resistant paint. 
Water extensible paints are pre- 
served with Dowicide A. 


In the paper industry, Dowicide A is 
used to protect paper sizing and coat- 
ing solutions from mold and bacterial 
attack, both during use and storage. 


Rayon or silk thread in storage is 
protected against mildew by the 
addition of Dowicide A. It is also 
used to preserve protein, animal glue, 
casein and starch sizing solutions. 


a Water solutions of Dowicide A are Dowicide A prevents mold and bac- 
é used as disinfectants and germicides terial growth during many stages of 
; in public buildings and homes, and as leather processing. It is also used to 
Se i a deodorant in and around garbage protect coating and finishing materials 
aes cans and chemical toilets. from costly bacterial attacks. 


AKE your own tests today! We believe you will 

find even more new uses for Dowicide A. If you 

are confronted with a specific problem, make use of Dow’s 
complete laboratory facilities—write for information con- 
cerning the many different Dowicide products, including 


Dow’s PENTA, the dependable wood preservative. 
THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 


The Dow Chemical Company 
Dowicide Department DC-114, Midland, Michigan 


Please send me the Dowicide Product Information File. 


Name Title 

Company 

AnD AGHICVL TURE 

City State 


1 am interested in using Dowicide Products for 
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The Chromium Plating 


of Light-Metal Cylinders 
Carbon (Continued from p. 120) 

seit" ity is considerably greater than that 

of cast iron, especially in air-cooled 
engines (particularly of the two- 
stroke type). Also, use of these 
alloys permits matching the ther- 
mal expansion of the aluminum 
pistons so commonly used now- 
adays so that excessive clearance 
over the whole temperature range 
of operation is avoided. On the 


other hand, its poor abrasion re- 
sistance and tendency to gall were 
long considered to make use of 
aluminum alloys impracticable. 
The earliest: successful solution 
of this problem was to use cast iron 
evlinder liners in aluminum blocks, 
thus combining the good friction 
characteristics of the cast iron liner 
with the high thermal conductivity 
WATERDIE . of the aluminum block. The liners 
were either pressed-in or cast-in by 
EXTRA a rather ingenious but complicated 
: process. However, neither method 
was entirely satisfactory. In the 
first method the heat flow is con- 
siderably obstructed by the inter 
face, and the differential thermal 
expansion of the two materials 
causes distortion of the eyvlinder 
contour as well as causing separa- 
tion at the interface. The cast-in 
method is expensive and the ther- 


EXTRA mal barrier provided by the cast 


: : iron is still present to some extent. 
HEADER-DIE : Independently of these advances 

i a special chromium plating of cast 
a,” its appearance. Chromium plating 
has a two-fold advantage: it not 
only has high abrasion resistance 
which considerably reduces the 
wear of evlinder bores in dusty or 
sandy environment, but it also per 
mits a simple salvage by rebuilding 
the evlinder wall back to its orig- 


inal diameter. Its value was par 


ticularly evident in the engines of 
planes used in the North African 
campaign during the recent) war, 
where both the sand abrasion and 
the engine salvage problems pre- 
sented a serious problem. 

This plating was initially ap- 
plied to cast iron eylinders but 
more recently to aluminum alloy 
evlinders as well; it seems to solve 
the wear resistance problem of the 
latter, (It is not, however, the 
usual “bright chromium” surface 
used for decorative purposes.) Oil 
seems to spread with difficulty on 
\ this plated surface, and an abrasive 
COLUMBIA TOOL STEEL COMPANY particle, because it cannot be im- 
bedded, has no place to go to get 


Main Office and Works - Chicago Heights 4 Illinois (Continued on p. 124) 
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How to offset 
lower hardenabil 
in today’s 
substitute 
steels 


Switch to 


the oil with greater quenching power 


Is the current alloy shortage creating a heat- 
treating problem for you? Must you accept alloy 
steels with less nickel, molybdenum, and chro- 
mium than you originally specified? Then you'll 
be interested in the performance of Gulf Super- 
Quench. Because of its greater quenching power, 
this outstanding quenching oil helps offset the 
lower hardenability of today’s substitute steels. 

Gulf Super-Quench passes through the vapor 
stage far more quickly than conventional quench- 
ing oils. This means that the cooling rate is ex- 
tremely fast at the outset, an important factor in 
the depth and uniformity of hardening. In the suc- 
ceeding stages Gulf Super-Quench has a slow 
cooling rate, like that of conventional quenching 
oils, and therefore has the same minimum ten- 
dency toward distortion and cracking. 


Greater quenching power of Gulf Super- 
Quench adds up to greater depth of hardening 
and more uniform hardness! One of the most prac- 
tical advantages of Gulf Super-Quench is greater 
uniformity of results on steels of variable harden- 
ability. 

For further information on Gulf Super- 
Quench, call in a Gulf Sales Engineer today. 
Write, wire, or phone your nearest Gulf office. 


SERVES 
INDUSTRY 
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How 


to get 


drier 


or cooler 


gases... 


NIAGARA AERO AFTER COOLER cools a compressed 


gas, or air, below the temperature of the surrounding atmcs- 


phere, thus preventing the condensation of moisture in your 
lines. The gas will contain only half of the moisture left in it 
by conventional methods. Even drier gas can be produced if 
you require it. 

In working with controlled atmospheres of inert gases to 
prevent undesired reactions, this dryness of the gas at low cost 
is a great advantage. The cost of the Niagara method is low 
because it uses evaporative cooling, saving 95% of the cost of 
cooling water and its piping and pumping). This direct sav- 
ing of cost pays for the Niagara cooler in less than two years. 

If you use compressed air to operate tools or pneumatic 
equipment you save much in water and oil damage to tools 
and equipment, and in water damage to materials by using 
the Niagara Aero After Cooler. 

Write for a bulletin, or ask nearest Niagara Field Engineer 


if you have a problem involving the industrial use of air. 


NIAGARA BLOWER COMPANY 


Over 35 Years’ Service in Industrial Air Engineering 


Dept. MP, 405 Lexington Ave. New York 17, N.Y. 
Experienced Field Engineers in Principal Cities of U. 8. and Canada 
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The Chromium Plating 
of Light-Metal Cylinders 


(Continued from p. 122) 
out of the way. A number of spe- 
cial platings have been developed 
which eliminate these difficulties 
and provide an excellent cylinder 
barrel surface in many respects. 
All of these have this characteristic 
in common, that the familiar 
smooth chromium surface is_ re- 
placed with one in which there are 
frequent minute indentations. These 
indentations have the property of 
(a) holding oil, (b) interrupting 
any galling that might start, and 
(c) providing a place for an abra- 
sive or wear particle to escape from 
between the rubbing surfaces with- 
out scoring them. 

Such indented or interrupted 
surfaces have been produced in a 
number of ways. Possibly the best 
known is that developed and pat- 
ented by the H. van der Horst Corp. 
By this process the chromium is 
plated on a smooth surface to a 
depth of 0.002 to 0.003 in. and more 
than necessary for the final bore 
size. The cylinder is then removed 
from the plating tank and put into 
another tank, containing another 
solution with the same anodes and 
the same setup, but in which the 
current is reversed for a few min- 
utes. As a result, some of the plated 
chromium is removed, not in a 
uniform layer but in localized re- 
gions, thus producing what is often 
called a porous chromium surface 
containing a multitude of pits and 
depressions evenly dispersed over 
the whole cylinder wall. 

The porous chromium plating 
of aluminum cylinders, also devel- 
oped by the van der Horst Corp. 
during the last war, is not basically 
different from that for the steel or 
cast iron cylinder described above, 
except for the tendency of alumi- 
num to form an oxide layer which 
prevents its bonding with electro- 
lytic deposits of other metals. To 
overcome this difliculty the cylin- 
der to be plated is first dipped in 
a strong solution of caustic and 
sodium zineate. The caustic dis- 
solves the oxide film to reveal the 
bare metal and also roughens it 
slightly which contributes to the 
indented character of the final sur- 
face. The sodium zincate forms a 
protective film, which is exceed- 
ingly thin and even, over the 
plating surface as the oxide is 
dissolved but which is readily 
dissolved in the chromic acid of 
the subsequent plating bath. After 

(Continued on p. 126) 
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Jet exhaust: gases that reach temperatures of more 
than 2.000 deg. FL and speeds as high as 1.800 m.p.h. 
are easily handled by the new Hayes cobalt-base alloy 
No. 25. In faet. this alloy was one of the few commer- 
cially available materials that could even be considered 
for the hottest parts of the afterburner pictured here. 

The afterburner is installed behind the jet engine and 
increases the thrust of the plane by burning fuel with 


the unused oxygen in the turbine exhaust. Finding an 


HAYNES 


TRADE-MARK 


The hottest part of the after- 

burner (left) is made from Haynes 

alloy Neo. 25 to resist high stress, cor- 

rosion, and operating temperatures of 
more than 2.000 deg. F. 


alloy that would stand up under the heat and stress of 
this operation was really a tough problem. The material 
had to be strong at high temperatures and resistant to 
the oxidizing action of the corrosive exhaust cases. In 
addition. it had to be capable of fabrication by drawing, 
forming. and welding. 

Hayves alloy No. 25 has a unique combination of all 
these properties. For complete information on this alloy. 


write for the I2-page booklet. “Tay ses Alloy No. 25.7 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 
UCC) 


General Offices and Works, Kokomo, indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Les Angeles —New York —San Francisco—Tulse 
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Are Versatile..... 
and Dependable 


@ These Hevi Duty Box Furnaces at the 
A. O. Smith Corp. of Milwaukee, Wisconsin 


are used for hardening production tools that 


vary in weight from a few ounces to several 
hundred pounds. Hevi Duty Furnaces provide 
the uniform temperatures needed for pre- 
cision heat treating. 


Send for bulletins HD-341 and HD-441 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVI: DUTY ELECTRIC EXCLUSIVELY 


ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
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The Chromium Plating 
of Light-Metal Cylinders 


(Continued from p. 12%) 
plating, the evlinder is honed to its 
accurate diameter; this removes the 
surface irregularities down to about 
mid-depth and provides a smooth 
plateau) over which the rubbing 
load is distributed. 

Results obtained by the Mall 
Tool Co. of Chicago using this 
method on small portable air- 
cooled two-stroke engines have been 
very encouraging. Compared to an 
engine having pressed-in steel 
liner, the plated aluminum evlin- 
der makes possible an engine which 
is smaller and lighter and vet de- 
velops 32% more power. 

In Europe the Mahle concern, 
Stuttgart, have obtained equally en- 
couraging results with aluminum 
eylinder bores that have indenta- 
tions in the chromium plating 
which are made in a somewhat 
different) manner. The evlinder, 
after the final fine-boring operation, 
is machined with a kourling tool 
which leaves a regular pattern of 
indentations on the surface. Inas- 
much as the deposit follows the 
contour of the base metal, the 
plated surface has all the character- 
istics of the latter. That is, evenly 
dispersed recesses for the retention 
of lubricant and reception of for- 
eign particles. The useful life of 
the engine was found to be in- 
creased sufliciently to offset the in- 
creased cost of the plating step. 

Another possibility is to chro- 
nium plate only the piston and 
rings and this is being tested at 
present by the Mahle coneern. If 
successful, it should be considerably 
cheaper than plating the cylinders 
and might easily give a great im- 
petus to a more general adoption 
of light-metal eylinders, particu- 
larly in air-cooled engines for road 


hicles J.T. Jr. 


Spheroidal-Graphite Cast 
lron for Crankshafts* 


A‘ and spheroidal-graphite 
“SX types of cast iron have found 
extensive use in Great Britain in 
internal combustion engine and 
Stationary diesel engine crankshaft 
eastings. From an engineering 


stract of “Cast Iron Crank- 

With Special Reference to 

and Spheroidal-Graphite 

Cast Irons”, by A. B. Everest, 

Foundry Trade Journal, Vol. 1, Dee. 
6, 1951, p. 643-650, 
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viewpoint, cast iron crankshafts 
offer a number of important advan- 
tages: reduced weight, reduced 
machining time, and elimination of 
heat treating operations proper- 
ties which favor their use even 
when steel is available. Production 
economy is another benefit. 


ACICULAR CAST TRON 


Early in the development of cast 
iron for crankshafts in the U.S.A., 
alloy composition containing nickel 
and molybdenum was adopted, as 
it was found that this alloy com- 
bination gave exceptionally high 
strength. Further study established 
that these high mechanical proper 
ties could be obtained at will) by 
using molybdenum in) conjunction 
with nickel, the latter being varied 
in relation to the cooling rate or 
section thickness of the casting. 
The characteristic structure devel 
oped in these nickel-molybdenum 
east irons is” closely” related to 
“bainite’, and this type of cast iron 
is now known as acicular cast iron. 

The tensile strength of acieulat 
cast iron can vary from 55,0000 to 


77.4000 psi. and can be further im 
proved by heat treatment. Its other 
mechanical properties are corre 
spondingly high its impact or 
shock resistance is at least twice 
that of the best pearlitic cast iron. 

The graphite in the normal acic- 
ular iron is in the flake form; con- 
sequently this iron shares the good 
damping properties associated with 
flake-graphite irons and, in common 
with all the other cast irons, it 
shows a low notch sensitivity in 
fatigue tests. Wear resistance of 
acicular cast iron is excellent. Al- 
though its hardness is” relatively 
high, it can be readily machined. 

Considerable experience is now 
available on the use of the nickel- 
molybdenum acicular cast) iron 
crankshafts in internal combustion 
engines. The economy using 
acicular cast iron crankshafts as 
compared with the conventional 
tvpe of steel forging or stamping is 
substantial. 

On engine test, torsional vibration 
diagrams on a shaft for 6-evlinder 
diesel engine, developing 240° h.p. 
at 1500 r.p.m., have shown that the 
steel crankshaft developed a_ tor- 
sional shear stress of 9100 psi., due 
to the sixth-order critical speed, 
and this was reduced to 4250 psi. 
in the cast iron crankshaft. 

Satisfactory fatigue strength is 
demonstrated by acicular cast iron 
erankshafts. For example, one 
maker, who has recently been 
studying this material for six- 
(Continued on p. 128) 


Typical ports heat 
treated in Hevi 
Duty furnaces at 
the Union Special 
Machine Co 


UNION SPECIAL 
heat treats precision parts in 


HEVI DUTY FURNACES 


@ Over 100 different Walter Weinwurm, chief metallur 


heat treating operations are re- gist at Union Special, says “Our 
presented in one Union Special in Hevi Duty furnaces do an excep- 
dustrial sewing machine. All the tionally good job of heat treating 
carburizing, dry cyaniding and precision parts. The work comes out 
bright annealing of precision of the furnaces clean with no scale 
ground shafts, bearings, journals, or oxidation. 


castings and eccentrics is done in 
versatile Hevi Duty Vertical Retort Learn more about Hevi Duty verti- 


Furnaces. cai retort furnaces — write for your 


of bulletin HD-646 today. 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 

For use 


coro 3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 


2800F — H-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 

For use 


coro” 2400F — STANDARD FIRECRETE 


The mostgenerally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 114". 
For use 


coro” 2A00F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 


For use 
up to 


The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 

For further information, write to Johns-Manville, 
Box 290, New York 16, N. Y. JM 


teg. 


Johns-Manville 


Standard in Castables”’ 
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Spheroidal-Graphite Cast 
Iron for Crankshafts 


(Continued from p, 127) 
throw marine diesel crankshaft, 
states that test-bars cut from = an 
extension of the crankshaft casting 
sive a fatigue strength on the plain 
bar of 21,300 psi. The use of a 
notch in the test-bar only slightly 
reduces this figure, and a strength 
of 20,600 psi. is reported. Under 
similar conditions of test, the values 
for steel are normally of the order 
of 17.000 psi. Torsion fatigue tests 
on unnotched bars gave 12,000 psi., 
and similar tests conducted on bars 
containing a drilled hole, so posi- 
tioned as to give maximum concen- 
tration of stress, gave 8500 psi. 
Notch sensitivity of cast iron is 
much less than for steel, with the 
result that in practice there is ap- 
preciably less danger of fatigue 
failure due to stress concentration 
by such discontinuities as oil holes. 


SPHEROIDAL CAST IRON 


Lately, attention has been drawn 
to a product known variously as 
spheroidal-graphite cast iron, nod- 
ular cast iron or ductile cast iron. 
The essential characteristic of these 
irons is that the graphite has as- 
sumed the form of compact spheri- 
cal particles. These have a very 
much smaller deleterious effect in 
breaking up the metallic matrix of 
the metal, allow the properties of 
the metallic matrix to be more 
fully realized, and eliminate the in- 
numerable notches which act as 
stress raisers within the body of 
normal cast iron. 

The mechanical properties of 
these new cast irons are of a high 
order, and approach very much 
more nearly those common to the 
steel-like matrix of the metal. Their 
strength under various forms of 
test is about double that of con- 
ventional cast iron. elastic 
modulus is high, but of particular 
interest is the fact that, like other 
cast irons, the notch sensitivity of 
the material is low compared to 
steel, as shown by the relatively 
low reduction in the endurance- 
limit figure, which included a 
notch in the test-piece. The net 
result of this is that the endurance 
limit under notched conditions is, 
for the new material, frequently as 
high or even greater than that of 
steel as used for crankshafts. 

As would be expected from the 
form of graphite, the  vibration- 
damping capacity of the new cast 
irons lies midway between that of 

(Continued on p. 146) 
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e-cutting CARILLOY FC 
minimizes shaft breakage on Clearfield Maximullers 


@ If you work in a clay products plant, you know all 
about the Clearfield Maximuller made by the Clear- 
field Machine Company, Clearfield, Pa. 


The Maximuller shown here is used to grind all kinds 
of clays for ceramics, refractories, etc. The huge 74 
ton mullers, each supported by its own shaft, are the 
grinding members. As the raw clay passes under the 
mullers and is crushed, the muller supporting shafts are 
subjected to bending and reversing loads that ordinary 
steel cannot endure. That’s why these shafts are now 
made from U’S’S FC steel —a free-cutting 
alloy steel that is furnished already quenched and 
tempered to the hardness required. 


By using CariLtLtoy FC Steel, the Clearfield engi- 
neers have accomplished three things. They obtain a 
tensile strength in the shaft of 140,000 to 165,000 psi— 
which gives them a highly desirable factor of safety. 


Clearfield uses Carilloy F( 
for highly stressed shafts 
in practically all models in 
their wide line of mixing 
equipment 


Because quenched and 
tempered Carilloy FC is 
free cutting, these shafts 
are machined faster with 
excellent surface finish 


One of the two 7-inch diameter Carilloy FC shatts being in- 
stalled on «a Clearfield #2 Maximuller. Each shaft must sup- 
port and guide a 7', ton muller, withstanding tremendous 
jarring as well as bending and twisting loads 


And, because the bars arrive from the mill already 
quenched and tempered to 258-331 Brinell, they obtain 
the exact hardness desired without any need for subse- 
quent heat treating with its attendant hazards of 
warpage and scaling. What's more, because the steel 
has better machinability than other steels of com- 
parable strength and hardness, they are now machin- 
ing shafts faster than before and with better surface 
finish. 

U'S'S Free-Cutting CaRILLoy steel is available in 
bar form, quenched and tempered from 255 to 375 
Brinell or annealed, in all sizes of rounds from 54" to 
81," diameter. If your job requires forging, we can 
also furnish a complete range of hot rolled bar and 
semi-finished sizes 

Cost: CaRILLoy FC costs only a fraction of 
a cent more than ordinary, thorough-hard- 
ening alloy steels. 


COLUMBIA-GENEVA STEEL... . TENNESSEE COAL & IRON... . UNITED STATES SUPPLY, DISTRIBUTORS 
Divisions of UNITED STATES STEEL COMPANY, PITTSBURGH 


TS 
on 
> 
UNITES STATES STEEL EXPORT COMPARY. SEW YORK 


is an expert 


the conversation might go like this: 


YOU: “How old were you when you started in 
the mil 

HENDERSON: “Fourteen. | started in the 
Homestead Works as a messenger in 1918.” 


you: “How long were you a messenger?” 
HENDERSON: “Four years. Then when I was 


I started as an apprentice machinist in 
the maintenance shop.” 


vou: “What kind of work did you do?” 


a HENDERSON: “Practically everything. First, 
of course, I had to operate all the machines 
It was good training, because in a big mill 
like this, if something broke down—a big 
cylinder bushing or a special bolt — we 
couldn't wait for outside replacements so 
we'd make new parts for the job. We had 
to work fast, too, because sometimes a whole 
production line would be shut down.” 


you: “What did you do next?” 


HENDERSON: “After almost 20 years in the 
maintenance shop, I came here. I've been 
on the 96-inch lathe ever since.” 


you: “That means you've been a machinist 


now for 30 vears. Did vou like coming to the 


jorge department 

HENDERSON: “It was the greatest experience 
1 ever had in this mill. In a way, I had to 
learn all over again. | remember how scared 
I was the first time I had to bore and ream 


long hole through one of these big forg 
ings. It was just like this job— we're boring 


Every man in our shop 


U.S. STEEL MACHINIST 


@ The machine shops are vitally important at the Homestead District Works Forge 
Division. If you could visit them, you'd see machines that are really whoppers— like the 
96-inch lathe that can turn and bore a 110-ton piece that’s 8 feet in diameter, and 
66 feet long. If you talked to Machinist James Henderson, who operates the lathe, 


a hole 25 feet long, to a .001” diameter 
tolerance.” 


you: “Do you ever run into any trouble 


HENDERSON: “We sure do. Like when we're 
drilling a hole. You get an awful sinking fee! 
ing when the rod comes out without the 
drill on the end. It's a break-off. The drill 
breaks off and stays galled in the hole. Some 
times we spend as much as 8 hours trying 
to pull that drill out with special tongs.” 


you: “/ guess a mistake would be mighty 
expensive.” 


HENDERSON: “Yes. Here, a mistake could 
cost thousands of dollars. But we don't make 
many mistakes.” 


vou: “What would vou say is the most im 
vortant thing about making quality forgings 
& 


HENDERSON: “Well, you've got to have the 
steel and the machines. But I think the men 
are most important. Like here, the furnace 
man, pressman, machinist, and heat treater 
all have to work together. Any one man can 
foul up a job. We almost never have trouble, 
so I figure almost every man in the shop Is 
an expert.” 

When you buy forgings from United States 
Steel Company men like J imes Henade rson 
work on them. We'll match their work 
against the finest in the land. For more in 
formation on U-S’S Quality Forgings, write 
to United States Steel Company, 525 Wil 
liam Penn Place, Pittsburgh 30, Pa 
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18,000,000 Carilloy spring washers 
used without one reported failure! 


thanks to 
metallurgical assistance 


HUBBARD & COMPANY, Too! Division, Pittsburgh, 
Pa., is a major producer of rail joint spring washers. 
These vital washers are used on the bolts of the joint 
bars that connect sections of railroad rails. Battering 
and wear at the rail ends is reduced due to the high 
bolt tension caused by the reactive pressure of these 
CARILLOY steel washers. 

Some time ago, our metallurgists got together with 
Hubbard engineers and came up with a vastly improved 
method of heat treating these alloy steel washers. This 
heat treating system has achieved uniform heating, 
precisely timed quenching and fool-proof tempering. 
Result: a higher quality product, more uniform than 
ever before. 


Here are the actual test results on a typical production 
run at Hubbard & Company. At left is the finished 
washer ready for delivery. Middle picture shows the 
washer after the 90° twist test required by 
specifications. As shown at the right, Hub- 
bard spring washers will consistently with- 
stand a twist test far greater than required. 


Here's what B. J. McTighe, Superintendent 
of Hubbard's Tool Division says: 


“Since installing our new heat treating system, we've sold 
about 18,000,000 spring washers without one reported failure. 
The improved heat treatment, suggested by United States 
Steel, has resulted in more uniform structure, better mechanical 
properties and a retention of spring properties under all 
conditions. 

“These spiral spring washers, made from CARILLoY 9260 
steel, are hardened to an average of 49 52 Rockwell C. Despite 
this high hardness, the washers easily meet the specification 
requiring a 90° cold twist in the fully heat treated condition. 
Our own shop control limits are even more severe than this to 
make sure that we meet and exceed railroad standards. We 
think the superior performance is due to our improved heat 
treating system.”’ 

At Hubbard, this variable speed conveyor removes spring washers If you’re having trouble handling lean alloys, we may be 

from the quench tank on a precise time cycle. able to suggest heat treatment methods that will give you more 
uniform hardness, less rejects and less retreatments. Simply 
call or write our nearest district sales office. 


COLUMBIA-GENEVA STEEL ... . TENNESSEE COAL & IRON .... UNITED STATES STEEL SUPPLY, WAREHOUSE DISTRIBUTORS 
Diviioss of UNITED STATES STEEL COMPANY, PITTSBURGH 
UMITEO STATES STEEL EXPORT COMPANY. YORK 
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THE BUYERS’ GUIDE FOR METALS ENGINEERS 


ABRASIVE 
PRODUCTS 


BRAZING 
CASTINGS 


CLEANING & 
FINISHING 


HEAT TREAT- 
ING SERVICES 


HEAT TREAT- 
ING SUPPLIES 


INSTRUMENTS 
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TESTING 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock 


Only finish oper- a 
ations required 
ore reaming small } 
dia. of counter- 
bored hole and \ 

= 


drilling and tap- 
ping for set screw 


Betore you invest in barre! plating 
. check the features of the 

Doniels OLS Plating Barrels 
Forty yeors of experience in 
manutacturing barre! plating 

t have led to the new 

Daniels OLS which con only be 
fully appreciated by thoroughly 
reviewing the facts as illustrated 
in our new catalog 

Write for your copy today! 


LIST NO. 17 ON INFO-COUPON PAGE 139 


FOR 
CENTRIFUGAL 
CASTING 


Non-Gran supplies both aluminum 


as well as bronze sand castings 
Send prints. American Non-Gran 
Bronze Co., Berwyn, Pa. 


LIST NO. 3 ON INFO-COUPON PAGE 


“ime auaitalle 


and tin bronze centrifugal castings, 


VAPOR DEGREASERS 
and 


Metal Parts 
Cleaning Equipment 


PER-SOLV (Perchlorethylene) 
CIRCO-SOLV (Trichlorethylene) 


Write for Bulletin 


eer 


TOPPER EQUIPMENT COMPANY 
MATAWAN, NEW JERSEY e 

. OFFICES IN PRINCIPAL CITIES 
MANUFACTURERS OF VAPOR DEGREASERS 
AND METAL PARTS CLEANING EQUIPMENT 


IST NO. 10 ON INFO-COUPON 
L 


ROUND -THE-CLOCK 
PRODUCTION! 


LIST NO. 15 ON INFO.COUPON PAGE 139 
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17932 RYAN ROAD 
DETROIT 12, MICHIGAN 


7 4 Castings Cleaning and Finishing 
— 
\ \ : 
\ A | 
NUELS PLATING BARSEL 4 SUPPLY DANIELS 
ENGINEERED 
3 ON-GR 
LIST NO. 4 ON INFO-COUPON PAGE 139 139 PAGE 13° 
| WASHERS SPRAY BOOTHS 


B00 Fost 67th Street Cleveland 8 Ome 
Howell Works Howell Michigon 


LIsT NO 


Abrasives 


MANHATTAN 


® Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 
Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete, 
granite, and marble 
“*Moldisces”’ for rotary senders 
Grinding and Finishing 
stainless steel welds 


Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 


Cutting-off—W/et or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standerd end reinforced wheels 


Grinding Carbide Tipped Tools 
e 
Write to Abrasive Whee! Department 


we Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
92 TOWNSEND ST. - PASSAIC, 


PA 139 LIST NO. 1 ON INFO-COUPON PAGE 139 


WN 


NFO.COl 


PAGE 


120 


Cleaning and Plating 


n these days of re- 
strictions on the 


use of the usual plating 
metals, the precious metal, 
rhodium, becomes impor- 
tant as a replacement for 
them, especially for small 
articles and parts. 


Rhodium is hard and bril- 
liantly white and it cannot 
tarnish. No acid nor mix- 
ture of acids attack it. 
Our solution has excellent 
throwing power. 


Suggested objects for 
plating with rhodium are 
optical mounts, contacts 
for communication equip- 
ment, radar components, 
surgical instruments and 
pen and pencil sets. The 
practical plater’s own ex- 
perience will suggest 
many others to him. 


Commercial rhodium plat- 
ing was developed in our 
laboratories. Baker Rho- 
dium Plating Solution is 
the original and is made 
under the direction of the 
men who developed the 
process. 


@ Let us send you Direc- 
tions for Rhodium Plating. 


METAL PROGRESS; 
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the persuasive obrasi 
S 
| a's 
| 
> Any reference to 20th Century Drawn Steel 
; Shot will emphasize its highest quality 
N INF PON 
Solventol 
originators of DI-PHASE metal cleaning 
NEWARK 5. NEW JERSE 
LIST NO. 13 LIST Nv NINE IPON PAGE 139 


HEAT TREATING 
FURNACES 


for 
Every Heat Treating 
Process 
* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 


Reduce (osts... 
Jucrease Production! 
F & D FURNACES for all Industries 


Engineered and Built to your 
Specific Requirements 
Standard and Special Furnaces 
For Annealing, Normalizing, 
Hardening, Drawing, Forging, 
Heating, Etc. 


Let us solve your furnace problems 


FLINN & DREFFEIN ENGR. CO. 


27 East Monroe Street 
Chicago 3, Ilinois 
STate 2-4071 


* * 
* 


*DONT WAIT... 
COOPERATE! 


The U.S. Needs Your * 
Steel Scrap, 
Now 


* 


Nonferrous Scrap 


Is Needed Too 


« O » 
Specially Engineered 
for 
Your Particular Needs 


GAS OIL ELECTRIC 


the QUENZINE STORY 


Low price ly available 
‘ replace alloy 
Qu 
Qu ENZINE 
Por 
thi 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th St., Cleveland 11, Ohio 


? 


Boron Steel 


Just off the press .... 
a timely collection of 
eight articles on boron 
steel, reprinted from 
Metat Procress. 


Write now for your copy 
of this new publication. 
Price is $1.00. 


American Society 
for Metals 


7301 Euclid Cleveland 


HEAT RESIG] 


BUFFALO 
E. A. Mansfield 
Ellicott Square 


CINCINNATI 


LONGMEADOW, MASS. 
B. G. Constantine 
Control Engineering Co. 
51 Converse St. 


Whenever you have a heating problem thet involves heal 


resistan! parts, toke adventage of Standard’s long experi- 
ence in producing oiley castings ~ngineered te your specific 
need. Conveyors, roller hearths, trays, containers, fixtures 


LIST 


Pearson Browne 
Ist Nat'l Bank Bldg 


CLEVELAND 

Alloy Sales & Service 
Chas. Plant, Jr. 

8905 Lake Ave., Rm. 303 


DETROIT 
Gehringer & Forsyth 
16151 James Couzens Hwy 


HOUSTON 
B. F. Coombs 
2221 Telephone Rd 


. 23 


METAL 


PROGRESS; PAGE 


MILWAUKEE 
Ed. P. Lindergren 
3748 W. Greenfield Ave. 


YORK CITY 
teele 
28 W. Bist St. 


PHILADELPHIA 
Towle & Son 


redient tube ansemblies—and mony mere designs for 
wide variety of applications ave 
gineeri ative neeres! you — er 
write for the interesting 4-page Bulletin No. 1. 


W. Chelton Ave. Bldg. 


PITTSBURGH 
Robt. A. Schmidt 
404 Frick Bidg 


STANDARD ALLOY CO., INC. 


1679 COLLAMER ROAD + CLEVELAND 10, OHI” 


ig Heat Treating Equipment and Supplies 
CIRCAIR | 
2 T NO IN INFO.COUPON PAGE 139 
| 
dded | 
f ‘ Br and 
N INGS 
‘ a 
4 


 CARBURIZING 


FURNACE PARTS 


Heat Treating Equipment and Supplies 


BOXES 


Every Type of Container or Holder for 
Handling Parts Through Heat Treating, 
Quenching, Pickling, Washing and 
Anodizing Operations 

Complete Design and Engineering Service 


Representatives in Principal Cities 


HEAT TREATING INDUSTRY 
@ Complete Service 

on Control Equipment 
@ Thermocouples 
@ Protection Tubes 
@ Charts and Lead Wire 


THE CLEVELAND ELECTRIC 


LABORATORIES COMPANY 


Cleve- 
land 3, 


Non-Case 


Anti-Carburizing Paint 


Applied to any part of a 
steel surface prior to car- 
burizing,Non-Case protects 
that specific portion from 
carburization and harden- 
ing. Easy to use, Non-Case 
is available in gallon cans. 


Write for Descriptive Literature 


THE CASE HARDENING 
SERVICE CO. 
3091 Mayfield Rd., Cleveland 18, O. 


LIST NO. 26 ON INFO-COUPON PAGE 139 


HEAT TREATING 
MATERIALS 
SINCE 1911 


PARK-KASE LIQUID CARBURIZERS 
QUENCHING ond TEMPERING OILS 
CYANIDE MIXTURES 
NEUTRAL SALT BATHS 
HIGH SPEED STEEL HARDENING SALTS 
TEMPERING ond ISO-THERMAL 
QUENCHING SALTS 
NO-CARB + NO-KASE + NO-SCALE 
* NO-TRIDE 
@ CARBON PRODUCTS 
Charcoal + Crushed Coke 
Pitch Coke + Lead Pot Carbon 
@ WOODSIDE RAPID CARBURIZERS 
Non-Burning Type 
Charcoal Coke 


Specifications 


PARK CHEMICAL COMPANY 


8074 Milltery Ave., Detrot 4, 


North 


Coney 
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REPORTS 

le 
W. CORTLAND ST. CHICAGO 39, ILLINOIS 
BASKETS FIXTURES TRAYS QUENCH TANKS RETORTS 

| 
| 
= 
E. 66 St. Ohio | 
LIST NO. 32 ON INF PON PAGE 139 Tt 
LIST NO. 25 ON INF IPON PAGE 139 


Heat Treating Services 


first in the Three T’s . 
of Scientific Steel Treating... © — 


\ HETHER it’s the treating of your rough forgings, emperature 


castings and bar stock, or your finish-machined parts- 


the 3 T’s of Scientific Steel Treating are at work for you 

From the unbiased, scientific recommendations of your echni ue 
Lakeside metallurgists, through the perfected, fully q 

mechanized, electronically-controlled processes, to in- 

strumented, precision testing Science directs every 

step. No chance for work, or human error. Only . 
with the finest. modern facilities can you be assured i 


of highest stee 


Our Induction Harden- 
ing, Carbo-nitriding, Flame Hardening, Heat 


Treating, Bar Stock Treating and Straightening 

THE ‘mill lengths and sizes), Annealing, Stress Reliev- 
e ing, Normalizing, Pack, Gas or Liquid Carburizing, 

Nitriding, Speed Nitriding, Aerocasing, Chapman- 


izing, Cyaniding, Sand Blasting, Laboratory Re- 
g S418 LAKESIDE AVE, CLEVELAND 14, OHIO HENDERSON 1-9100 search, Tensile and Bend Tests 
LIST NO. 43 ON INFO-COUPON PAGE 139 


OF METALS VINCENT | |** 


PROCESS | 
Herdening For xk * Y 0 UJ 
EVERY HEAT TREATING NEED 


Chapmanizing Carburizing * 5 A 
300-TON DAILY CAPACITY 


Cadmium, Hardening of e 
Tin or Copper Dies or Tools 
Plating 


Roto-Blastin MODER N 
||| (MODERN. PRODUCERS MUST 


PITTSBURGH COMMERCIAL Val HAVE IT T0 MAKE 


HEAT TREATING CO. STEEL PROCESS co. 


| | MILL PRODUCTS 


JUPON PAGE 139 


whet it does. . works Groot Co. coven) 
how pee America tram exest to coon 
Write today tar your of poge Rochester, Chicogo, Lew, 
bowklet. Specific subjects discos. los Angeles, is 
pretresti¢g the geala . elective Med tor For Perticulors your 

Corrosion poriretion of STEEL TREATING 

haw nationally Raowa manwlecturen are : ide 6200. Los Angeles 25 
specifying Maleomising fer tho 
herdening @f steiniess 


nme LINDBERG STEEL TREATING CO. 
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90 491m drreer Pittsburgh, Fa. 
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A NEW 
aS 


BOOK 


ELEMENTS 
OF 
HARDENABILITY 


By M. A. GrossMANN 
United States Steel Co. 


The author of this important 
book brings practical experi- 
ence and sound judgment to 
bear upon modern concepts 
of hardenability. The four 
sections are illustrated with 
111 graphs and charts to in- 
sure clarity of presentation. 
164 pages; $4.50. 


Published February, 1952 


AMERICAN SOCIETY for METALS 


7301 EUCLID AVENUE 
CLEVELAND 3, OHIO 


TES 
PAP 
cotwr 


COMPLETE SERVICE 
including — 

BRIGHT HARDENING OF STAIN- 
LESS STEELS. STEAM TREATING 
HIGH-SPEED CUTTING TOOLS 


.. HARDENING ... 
. CLEANING 
Our M E can 
help with your metal treating 

problems. 


COMMERCIAL 
STEEL TREATING CORP. 


6100 Tireman Detroit 4, Mich. 


TEMPERING 


TYler 6-6086 
LIST NO. 39 ON INFO-COUPON PAGE 139 


LIST NO 


IN DETROIT 


=> 


OFFERS FACILITIES FOR: 


1 ALUMINUM. car. 500,000# PER 
p TE TO 2-TON 


HARDENING 


STANDARD STEEL TREATING CO. 


3467 LOVETT AVE. 


40 


DETROIT, MICH 


JUPON PAGE 


ON INI 139 


es 
Furnac 


Furnace? 


Furnace 


Aumosphere 
1 Neutral 


Carbo 
4 ontrolle rad 
am 


1 Baths 


Cy anide 
yurizing 
n He ating 


Cark 
Inductio 
Normalizing 
annealine 
Grit Blastine 
Shot Blasting 


LIST NO. 36 ON INFO-COUPON PAGE 139 


FORGINGS, CASTINGS, 


Special Jobs or Production Runs 


Complete Heat Treating 
Counsel Without Obligation 


Send for Free Booklet of 
Complete Facilities 


TOOLS, PARTS 


METAL 


PROGRESS; 
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Heat Treating Services, Testing Services | 

TESTING-ANALY ZING 
routine. 00 the some equiP- 
expe" jlable- to 
ment ore “t's the best 
the smoll \aborator'e® 
antroduce 
ST ‘SAM TOUR & INC. RICAN STANDARDS 
| LIST NO. 35 ON INFO JPON PAGE 139 
at e's Bol 
fai’ 
= 
Large Car 7 
Pre 


Instruments, Inspection, Testing and Laboratory Equipment 


ASK BODER a 
for all kinds of 


LABORATORY 
FURNACES 


atmosphere Annealing 

Brazing & 
Combustion® 
Ha rdenability 


& Si ntering 


Tes 


Heat Treating 

Melting 

Melting 

 eriments 
Powder! metallurgy 


th 
empering 


couple 
Thermo Stan 


Ask foe 


ardization 


You tell Boder what you need. 


Boper S<cIENTIFIC Co 


719-723 Liberty Ave. 
PITTSBURGH 22, PA. 


U-TYPE * WELL TYPE DUAL TUBE 


FLOW METERS 
DRAFT GAUGES 


For measuring pressure, 
vacuum and differential pres- 
sure of liquids and gases. 
Also a complete line of 
accessories 


ASK FOR CATALOG C-12 
THE MERIAM INSTRUMENT CO. 


10932 MADISON AVE. 
CLEVELAND 2, OHIO 


@ U-TYPE MANOMETER 


JPON PA 
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Fast and Efficient 
HARDNESS TESTING 


) 
Use junc] 
» 
the Impressor 
ON ALUMINUM. COPPER BRASS BRONZE PLASTICS 


Works on the principle of forcing a hardened, 
spring-loaded steel point into the surface, the 
amount of penetration registering instantly on 
@ dial indicator to give a dependable measure 
of hardness. Can be used in any position. Simple 
to operate. Ruggedly built. Thousands in use 


BARBER-COLMAN COMPANY 


‘ Write for Bulletin 1689-1 


1225 ROCK STREIT - ROCKFORD, ILLINOIS 


If you want to perform 
Tensile or Brinell testing operations 
quickly and simply — contact 
Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 


T NO. INFO-COUPON PA 


PEEKSKILL 


Applies 1 to 10,000 gram loads 
Write for Bulletin 

Kent Corer LABORATORIES 

NEW YORK 

N PAGE 139 


NO. 53 ON INFO.COUS 


INSPECTION 
DEMAGNETIZING 
SORTING 
PROBLEMS 


MAGNETIC ANALYSIS 
EQUIPMENT 


Electronic Equipment for non-destructive 
production inspection of steel bars and tub- 
ing for mechanical faults, variations in 
composition and physical properties. Aver- 
age inspection speed 120 ft. per minute. 

This Equipment is now employed by more 
than 40 Steel Mills and many Steel Fabrica- 
tors. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for efficient production 
demagnetizing of steel bors and tubing 
When used with Magnetic Analysis Equip- 
ment insp and d tizing can be 


done in a single operation. 


MAGNETIC ANALYSIS 
COMPARATORS 


Electronic Instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
physical properties. 


ALSO MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
magnetism in ferrous materials and parts. 


” 
For information write 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St. Long Island City 1, N. Y. 


Headquarters for 


NON-DESTRUCTIVE TESTING 
and 
MEASURING INSTRUMENTS 


* * * 
ULTRASONIC & MAGNETIC 
INSPECTION EQUIPMENT 


Crack & Defect Locators 
Metal Sorters 
Ultrasonic Thickness Gages 


ELECTRONIC MICROMETERS 


For production measurement of precision 
components to within 0.000020 in. 


J. W. DICE CO. 


ENGLEWOOD, N. J. 
SEND FOR BULLETIN 21 


N INE ( UPON PA 


| 
for 
| | 
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Be Fully Informed 
about 


TOOL STEELS 
44 


Own your own copy 


of the book 


TOOL STEELS: 


J. P. Gill 
R. B. George 
G. A. Roberts 
H. G. Johnstin 


Chapters on Manufacture, Clas- 
sification, Testing, Selection, Heat 
Treatment, and on each princi- 


pal type of tool steel. 


578 pages 
277 illustrations 
564 references in 

bibliography 
$750 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Ave., Cleveland 3, Ohio 


WHITELIGHT 


your comprehensive independent 
source of magnesium alloy 
Tubes @ Rods @ Shapes @ Bars 
Hollow Extrusions @ Plate @ Strip 
@ Pipe © Wire @ Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 
& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office 
376 Lafayette St., New York 3, N. Y. 


NF JPON PAGE 139 


PRK-33 4 


Oil Hardening 

NEOR 4 Non Deforming 
139% Cr, 2% C 

Air Hardening 
MINEOR 4 = 
5% Cr, 1% Me 


DARWIN & MILNER INC. 


Highest Grade Tool Steels 
2345 St. Clair Avenve 
Cleveland 14, Ohio 


NOW AVAILABLE 
FROM STOCK 


High Speed: 
T-1 to T-15, M-1 to M-56 


e High Carbon—High Chrome 
Oil Hardening 
e Air Hardening 
Water Hardening 
e@ Hot and Cold Work-Die Steel 
© Fast Finishing Steels 


COMPLETE WAREHOUSE 
FACILITIES 


STOCK LIST MAILED 
ON REQUEST 


RELIABLE 


CA DAH meets every Engineering Problem 


IF it’s intricate or simple... large or small production 
any metal you name - Investigate the C. A Dahlin 
factlitses for dependable service and quality workmanship 


Write today for the C. A. Dahlin Special Bulletin. 


A. DAHLIN COMPANY 


2729 CLYBOURN AVENUE CHICAGO 14, ILLINOIS 
Phone LAkeview 5-9116 
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Metals, Metal Forms, Tool Steel 
| | |e STEEL 
KNOWN 


Springs, Spring Metal 


COMPRESSION « TORSION « 
FLAT+ EXTENSION* AND 
SPECIAL TYPE SPRINGS 


METAL STAMPINGS AND 
WIRE FORMS 


JOHN EVANS’ SONS, Inc. 


13th & NECTARINE 
4 


PHILADELPHIA 2 ENNA 
“SILVERCOTE’’, 


BRONZES + ALUMINUM 
COPPERWELD «+ SILVER PLATED WIRES 
OTHER NON-FERROUS 


rounn WIRE 


for 

* SPRINGS 

* FORMS 

* ELECTRONICS 

* SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


INCORPORATED 
189 Caldwell Ave. + Paterson 1, N. J. 


il Hods, Cold Rolls 


Stainless Steel in strip, sheet, bars, tubing and 
accessories 

Cold Finished Steels in al! standord shapes 
and carbon analyses 

Spring Steels in Blue Tempered and Polished 
Coils, Cold Rolled Annealed Coils and Straight 
Lengths in 1070 and 1095 Carbon grades and Hot 
Rolled SAE 1095 and 9255 Bars. Wires include 
Polished Music Spring Wire, Black Oil Tempered 
Spring Wire 

Cold Rolled Sheets — Cold Rolled Strip in 
coils and straight lengths, all tempers, slit, 
sheared and round edge 

Planet Drill Rods Rounds sizes from 013 to 
2 in. -flots and squares 

Aluminum Sheets in coils and straight lengths 
in all alloys -Aluminum Bars and Rods. 


Wanted! 


serap 


MORE IRON AND STEEL SCRAP OF ALL KINDS 


Steel mills and foundries need more 
all sorts of idle 
types of plants. 


iron from all 


Search your plant for this idle metal 


Lubricants 


DRAWING 
STAINLESS? 


Use 
Hangsterfer’s 


LUBRICANTS 


for... Increased Production 
Less Scrap 
Longer Die Life 
Doing the most difficult jobs for the 


major metalworking plants throughout 
the United States and Europe. 


HANGSTERFER’S 
LABORATORIES, INC. 
21 Cooper Street +» Woodbury, N. J. 


LIST NO. 73 ON INFO-COUPON PAGE 139 


RESIDUAL STRESO 
MEASUREMENTS 


This volume, written by four 
outstanding authorities, de- 
votes 204 pages to the impor- 
tant problem of the nature and 
extent of residual or “internal” 
stresses in metals and metal 
parts prior to actual structural 
or operating use. 

How to measure residual 
stresses ... The state of stresses 
produced in metals by various 
processes ... Relief and redis- 
tribution of residual stresses in 
metals...How residual stresses 
originate, their nature and 
their effect on metals. 

204 pages 

PUBLISHED APRIL, 1952 


AMERICAN SOCIETY for METALS 
7301 Euclid Ave. Cleveland 3 


$4.5 


PLAN 
TO ATTEND 


NATIONAL METAL 


Congress 


NATIONAL METAL 


Expostion 
PHILADELPHIA 
OCT. 20 - 24 


work with vour local scrap dealer to 
increase supplies of badly-needed iron 
and steel scrap. 


NONFERROUS SCRAP IS NEEDED, TOO! 
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20,000 
Metals 
Lngineers 


These 20,000 engineers in 
the metal industry have 
hundreds of titles. Regard- 
less of title, they share a 
common interest in metals, 
metal treating, fabrication, 
testing and application. 
Their engineering society 
is ASM; their engineering 
magazine, Metal Progress. 


METAL PROGRESS 


7301 EUCLID AVENUE 
CLEVELAND 3, OHIO 


U SILVER BRAZING 


PRODUCTION 
with 


Stress-Relieved 
“No-Tangle” Notch-Coil 
Silver Brazing Rings 
and Coined Washers 


Made from Silfos and Easy-Flo 
in any diameter. 


Write NOW for samples 
LUCAS-MILHAUPT 


ENGINEERING COMPANY 
5061 S Lake Drive Cudahy, Wisconsin 
Suburb of Milwaukee 


A CABLE SPLICED 
IN 10 SECONDS! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 

2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 
LIST NO. 71 ON INFO-COUPON BELOW 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


7301 Euclid Avenue, Cleveland 3, Ohio 
hecked at the right, on the advertisements in the 


Please send further informati as 


Bulletin Board with numbers | have listed below— 


(Bulletin Board Item Number 


(Please check) 


Send Catalog Send Nearest 
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The difference in control action lies in 
this relay ... an integral part of 
the Electronilk Controller. 
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HETHER your furnace is electric or fuel-fired, 

big or small, batch or continuous, Honeywell 
electric proportioning control will assure top qual- 
ity and maximum output. Here are some out- 
standing plus values: 
Simple installation — the controller takes little more 
panel space than a recording instrument, because the 
control relay is an integral part of the instrument. 


Easy “tuning” to the requirements of your individual 
furnace. Each control adjustment is entirely inde- 
pendent. Changes in one do not upset the others. 


Time-saving maintenance — the entire relay, a compact 
plug-in unit, can be removed and replaced in a 


few seconds. 


BROWN 


MIN 


@ Important Reference Data 


conus tot 
golenoid 


The control instrument can be an ElectroniK strip 
chart or circular chart recorder, or circular scale in- 
dicator. Any of these instrument models can be 
supplied complete with Electr-O-Line, Electr-O- 
Pulse or Manual Reset Control. For modernizing 
existing installations, the control relays are avail- 
able separately. 

Your local Honeywell engineering representative is 
well qualified to recommend the type of control 
best suited to your furnace. Call him in today . . . 
he is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., In- 
dustrial Division, 4503 Wayne Ave., Philadelphia 
44, Pa. 


oney 


well 


STRUMENTS 


ww 


Write for Catalog 15-15, “ElectroniK Potentiometers with Electric Contact and Electric Proportional Control.” 


y 
| FOR sTRAIGHT LINE TEMPERATURE RECORDS 
When heat input should yary this When heat input should vary like this 
choose 
s 
ELECTRIC pRoPORTIONAL CONTROL ELECTRIC pROPORTIONAL CONTROL 
This position proportion ne electrte control deliver Many furnaces need control which eupplies fuel at 
continuod® heat input. varies the {uel flow py throt full input in order to obtan sper ified heat 
thing the valve exact respons® to changes heat on For thest well for clect™ furnace™ 
Fiect! O-Pulse Control delive™ full heat ynput 
demand Both proportional and automate reset 
pulses controlling the rave of “heat on’ © heat 
actions are included proportional control make® the 
on” 10 regulate average input a required 
valve move \arge amount for pemperature control sncorporates poth proportional and reset 
changes: a small amount for yittle temperature actions For elect rit furnace’ it re gulates a power 
change? Automatic reset takes care of yariation® in yor fuel fred furnaces it operate® a 
Joad, fuel supply pressure and heat content of fuel. mows arive?™ valve 
choos Manual Reset Control for | where requirement® are less ritical This tyP* has 
the same proportion action je Line Control, but st must manuals ope rated 
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Handle your toughest heat-treating jobs 
for less with Driver-Harris Alloys 


Nothing demonstrates 
the performance charac- 
teristics of furnace parts 

fixtures thor- 


@ y as heat-treating 
which alternate 
~~ periods of high heat with 


tast quenching. And it is 

under just such condi- 
tions that furnace components made with Driver-Harris 
alloys show to best advantage—prove the most depend- 
able and economical. 


Here's a case in point: The batch-type rotary carburiz- 
ing furnaces shown here are two of a battery equipped 
with Nichrome® retorts. Operation consists in charging 
each furnace with 450 Ibs. of steel balls, together with 
carburizing compound, and bringing to a temperature 
of 1650 F. within 1% hours. Individual furnaces are then 
held at temperature from one to several hours—depend- 
ing upon the case depth required. When carburizing is 
completed, they are tilted to permit the work to spill out. 
Immediately after being emptied, they are re-charged. 


On the average, each hot Nichrome retort is quenched, 
by having 450 Ibs. of cold work dumped into it, every 


ALi oy 
wt ny 


3 hours—and is then brought rapidly up to 1650° again. 


In spite of the high heat required by the carburizing 
operation, however, and the great thermal stresses 
created by frequent cooling and re-heating thruout the 
24-hour operating day, the Nichrome retorts average 
over 11,000 hours of trouble-free service apiece before 
requiring any repairs. 


Mainly because of this outstanding performance, the 
cost per pound of treating steel balls is the /owest for 
this class of work in the industry. 


Both Nichrome and Chromax* afford ideal alloys for 
carburizing furnaces, not only because of their high 
heat- and corrosion-resistance, but because they are not 
susceptible to carburization—an advantage which helps 
tremendously to solve the maintenance problem, and 
thus hold down over-all costs. 


In selecting your heat-treating equipment, it will profit 
you to remember the important economies afforded by 
Nichrome and Chromax. These alloys are at present on 
allocation, but we shall be glad to make recommenda- 
tions based on your particular needs and serve you to the 
best of our ability. 


Nichrome * ond CHROMAX * are manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 
BRANCHES: Chicago, Detroit, Cleveland, Los Angel Son F 


U.S. PAT OFF 


MAKERS OF WORLD-FAMOUS NICHROME AND OVER 80 ALLOYS FOR THE ELECTRICAL, ELECTRONIC AND HEAT-TREATING FIELDS 
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more mess 


salt baths’’ 


SAYS A PROMINENT ENGINEER 


AGF is the PIONEER manufac- 

turer of Pot Furnaces for salt 
bath hardening, but recognizes 
that AUTOMATIC RECIPROCATING 
FURNACES are far superior for 
9 out of 10 applications. 


Read this Engineer's comment — 


“They call this a reciprocating controlled atmosphere furnace 
with quench tank and conveyor, used for carburizing and 
quenching clips and various other parts requiring certain 
hardness characteristics with high yield point, without em- 
brittlement. The furnace is controlled within plus or minus 
22 and has been in steady use since November 1949. 


“As a comparison, the operation was formerly done by 
heating in a salt bath in which both quantity and quality 
were unsatisfactory, requiring the services of an operator 
working under hard and undesirable conditions. 


“The hae operation, being fully automatic except for 
oce dumpi fresh parts into the feed chute and 
removing a > full box from the quench conveyor, gives us 
a product of the desired quality and quantity.” 


Advantages of -AGF RECIPROCATING FURNACES 


© Provide better working 
conditions 


® Nothing to do but charge 


High production heat treating 
Hardening and quenching — one 


Any desired atmosphere by 
simple control 


Dependably uniform hardening 
No messy salt to clean 
No pots to replace 


Clean hardening results 


No dangerous sputtering or 
splattering 


Fully sealed muffle 
Low cost of operation 
No messy salt to replace 


operation 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE STREET 
ELIZABETH 4, NEW JERSEY 
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THE FORK PROPER is made by join- 
ing the Nickel Steel blank (1) to the Car- 
bon Steel blank (2) with EASY-FLO (3). 
The two metals have opposite thermo- 
elastic characteristics, and, by proportion- 
ing them properly, a fork is produced that 
is extremely accurate and insensitive to 
variations in temperature. 
@ And now we quote in part from 
Riverbank’s description — which says, 
EASY-FLO “is preferred for this applica- 
tion since it is imperative that a clean, 
strong and uniform junction be obtained. 
Furthermore, the alloy must not be 
affected by continuous displacement since 
a 1,000 cycle fork, for example, will 
vibrate 86,400,000 times in one day.” 
And again, the required extreme accu- 
racy “cannot be obtained unless a perfect 
silver alloy joint is accomplished.” Well, 
EASY-FLO accomplishes it...and proves 
once again that it is a top performer 
where quality results count. 


BULLETIN 20 TELLS ALL ABOUT 


This 24-page bulletin is a “must” for all who design and produce metal assemblies. 
It explains why great strength, speed and economy are inherent in EASY-FLO 
brazing —and it’s packed with useful information about joint design and 

fast production methods. Write today for a copy. 


EASY-FLO BRAZING 


Brazing with EASY-FLO and SIL-FOS 
is the order of the day with thousands 
of fabricators of metal assemblies — 
first, because these low temperature 
silver brazing alloys make joints that 
have exceptional strength and lasting 
qualities—and secondly, because they 
meet today’s imperative need for 
speed and low costs. A very interest- 
ing example is this “precision com- 
pensated tuning fork,” designed for 
precise frequency control applications 
as required in geophysical and similar 
fields, product of the Riverbank 
Laboratories, Department of Engi- 
neering, Geneva, Illinois, 


Mickel Blank 1," thick. 


strip 003” thick. 
Fork is approximately 10” long. 


BRIDGEPORT, CONN. 


aoe HAN DY & HARMAN OFFICES end PLANTS 


PROVIDENCE, 1. 


CHICAGO, ILL. 
OF 
General Offices: 82 Fulton St., New York 38, N.Y. 
su 


LOS ANGELES, CAL. 
DEALERS IN PRINCIPAL CITIES TORONTO, CANADA 


—~ 
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Spheroidal-Graphite Cast 
lron for Crankshafts 


(Continued from p, 128) 


steel and the normal flake-graphite 
INDUSTRIAL 


types; consequently, from this point 


of view the new iron is perhaps not 

the other hand, the tests which 

have been carried out to date show 

For Shrink Fit-Stabilization of Metals-Hardening that the wear resistance of the new 

and Testing with Temperatures as low as -165°F. iron is very good and compares 

favorably with the best of other 
Used in many of the largest indus- types of high-duty east iron. 


trial plants, Webber Industrial Spheroidal-graphite cast iron is 

Freezers are performing heavy-duty, made by the addition of small 

dependable service with extreme amounts of cerium, magnesium ot 

accuracy at temperatures as low as other metals to the iron. The mag 

165°F. Lengthens life of valuable nesium process has proved the most 

cutting tools, eliminates “heat-and successful and economic, This new 

Potents hydraulic-press-fit” methods by the iron has been considered of inter 
Pending use of shrink and press-fit methods, est for cast crankshafts, and a con 


siderable amount of experimental 

36 STANDARD MODELS eliminates warpage and high rejec- 
specifications ton rate, commen with ether meth- application; however, it) must be 

at no additional cost ods, saves cost of dry ice, amortizes emphasized that much of the work 

A FREEZER FOR EVERY NEED itself in less than one year. Speed on spheroidal-graphite cast) iron 
Write for more complete information production —Save time—Save money has been carried out on the mate 
Representatives in Most Cities with Webber Industrial Freezers. rial in the annealed condition, in 


... or built to your 


which a short high-temperature an- 


neal is given to break down the 
INDUSTRIAL FREEZER DIVISION pearlitic matrix to the ferritic state 


WEBBER APPLIANCE CO., INC. and to develop high ductility. The 


© -2740 MADISON AVENUE «© INDIANAPOLIS 3, INDIANA 


elongation of the annealed material 
is of the order of 10 to 257, where- 
as the elongation of the material 
as-cast is generally not in excess of 
3° unless special compositions are 
selected. It is anticipated that for 
applications such as cast) crank 
shafts, where wear resistance’ is 
vital, attention will be focused on 


Eclipse the pearlitic low-ductility type, as 


the general experience is that cast 


irons with microstructures inelud- 
ing ferrite are inferior in’ their 


wear resistance. 


No figures are available for the 
For Lead, endurance limit of this grade, but 


a some figures have been published 
Salt, Cyanide, for the annealed ferritic grade and 


Oil Tempering, they emphasize that, as for other 
Metal Melting. cast irons, the new type has a low 


notch sensitivity. The actual en- 
Pressed Steel means aurance limits of the pearlitic grade 


Dependability. would be expected to be, if: any- 


Eclipse Pressed Steel Pots are seam- thing, rather higher. In the mean 
less formed from +4,” firebox plate time, preliminary reports on tests 
They are uniform in quality, relatively carried out on erankshafts are dis- 
light in weight. Thirty-odd years of 
service has proved them ideal for all 
heat-treating operations and for the the new iron has not the high de- 
melting of lead base alloys. They gree of damping capacity shown by 
offer dependable long life, freedom 
from sudden failure, higher strength P : 
at elevated temperatures, marked the damping capacity is nearer that 
savings in fuel costs, increased pro- of steel than of cast iron. The 
iuction and immediate availability higher mechanical properties of the 


tinetly encouraging. It is true that 


the flake graphite types in facet, 


Representatives in oll Principal Cities new iron offer the possibility of 
producing erankshafts with proper 


Write for Eclipse Fuel Engineering Company $YG)0% ties much nearer to those of steel, 
$R Bulletin N-1 1127 Buchanan St. Rockford. Iilinois BANE (Continued on p. 148) 
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AISI limits for 4140H steel 
a 20 7 heots of 81840 Grainal-treated stee! 
CHEMICAL COMPOSITION 
15 Grade c Mr si Cr Mo B 
4140H Range 0.37-0.45 0.70-1.10 0.20-0.35 0.80-1.15 0.15-0.25 
10} | 81840 0.38-0.45 0.80-0.93 0.25-0.28 0.28-0.37 0.400.52 0.09-0.13 0.0007-0.0011 
5 
| | | 
2 4 6 8 012 44 20 32” 
DISTANCE FROM QUENCHED END OF STANDARD BAR-Sixteenths of Inch at 


Consistent 
Hardenability obtai 
in Boron Steels 
| made with 


4 


ANADIUM 
420 LEXINGTON 


new vous 17. 


ned 


GRAINAL ALLOYS 


RPORATION 


The most common test for boron steels is measurement 
of hardenability by the end quench or Jominy harden- 
ability test. Today’s steel substitutions are made on the 
basis of similar hardenability since a reasonable predic- 
tion can thus be made of the hardness and strength of a 
given part. 

The curves above show the relationship between the 
hardenability of a series of seven heats of 81B40 steel 
and the hardenability band for 4140H steel, which it 
often replaces. The 81B40 heats were made in one elec- 
tric furnace shop, and the remarkably consistent harden- 
ability shown by the curves was obtained by the use of 
Grainal alloy as the means of adding the boron. 

Consistent hardenability means consistent strength 
and hardness after heat treatment, which is the aim of 
every fabricator. The best proof that the Grainal alloys 
insure this objective is found in the successful use of 
three million tons of Grainal-treated steels. 


or AMERICA 


DETROIT + CHICAGO + 
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YOU'VE GOT 

TO BE SURE OF 
YOUR HARDNESS 
INSIST ON 


TEST BLOCKS 


Your hardness tester is 
useful only when you 
are sure it is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks. 
CLARK test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 
reading. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICHIGAN 
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Spheroidal-Graphite Cast 
Iron for Crankshafts 


(Continued from p. 146) 
while having the full production 
economies possible with a readily 
cast metal. 

Preliminary wear tests have 
been reported, and show that the 
resistance to wear of the spheroidal- 
graphite iron under laboratory con- 
ditions is good. It is reported that 
the wear resistance of such cast 
iron under lubricated conditions is 
excellent, in particular when free 
ferrite is absent. There seems no 
doubt that the spheroidal-graphite 
iron will be of great interest to 
engine designers, not only for 
crankshafts, but for other items, 
including rocker arms, pistons, 
eylinder heads, liners, and timing 
gears. Tests have been carried 
out on spheroidal-graphite cast 
iron with an acicular matrix, 
developed by suitable additions of 
nickel and molybdenum. There are 
indications that tensile strength in 
this type of material can easily 
reach 50 to 60 tons per sq.in., witb 
the other mechanical properties 
proportionately increased. 

D.C. WILLIAMS 


High-Temperature Alloy 
for Rotor Blades* 


A stupy of the influence of sys- 
tematic variations in composi- 
tion and heat treatment on creep 
and rupture properties led to a 
wrought austenitic alloy having a 
composition of 0.3 C, 0.8 Mn, 0.3 Si, 
19 Cr, 12 Ni, 45 Co, 2.8 V, 2.0 Mo, 
1.2 Cb and 16 Fe. 

The heat treatment of this alloy, 
known as G32, is to oil quench 
from 2335° F. after a 10-min. soak 
and then age for 46 hr. at 1380° F. 

Starting with a base composition 
of 20 Cr — 20 Ni- 20 Co and making 
an arbitrary choice of variables, an 
investigation was made of the in- 
fluence on properties of various 
carbide formers (W, Mo, Cb, V, 
and Ti) added singly and simulta- 
neously, carbon variations, Cr, Ni, 
and Co variations and heat treat- 
ment of optimum compositions. 
The constitution of representative 
alloys was also studied. 

(Continued on p. 150) 

*Abstract of “Development of a 
High-Temperature Alloy for Gas 
Turbine Rotor Blades”, by G. T. 
Harris and H. C. Child, Symposium 
on High-Temperature Steels and 
Alloys for Gas Turbines, British Iron 
= Institute, February 1951, 
Pp. OF. 


Examine. 


MICRO-STRUCTURES 


Eacdly> Zuichly 


with 


METALLURGICAL 
CAMERA MICROSCOPES 


Model MeF Uni | Comera Mi 


A truly universal microscope and built-in 
camera with magnifications ranging from 
4.5X to 2200X; and, with all methods of 
illumination—Incident, Transmitted or 
Polarized. Images can be studied by di- 
rect observation through eyepiece or 
ground glass, or, can be micro-photo- 
graphed, drawn or projected — without 
change of focus. Quick change over from 
ordinary to polarized light; from bright- 
ground to dark-ground fields; from di- 
rect microscope observation to photo- 
micrography. The specimen, when placed 
on the microscope stage, is automatically 
aligned perpendicularly to the optical 
axis of the instrument. 


The Reichert Camera Microscopes com- 
bine precise construction with simplicity 
of operation, versatility and compact- 
ness. For detailed information, write for 
literature. 


National Representatives: 


WM. J. HACKER & CO., Inc. 


82 Beaver St., New York 5, N.Y. 
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4250 kv constant potential 


The Westinghouse 250 kv 
transformer 


WHEN IT’S 


For heavy-duty inspection problems in limited 


space, nothing beats the dependable 
Westinghouse 250 kv industrial tubestand X-ray 
unit. High X-ray output plus maximum 
maneuverability, means inspection savings on 
large, cumbersome parts. This unit will help to 


solve many of your toughest inspection problems. 


Examine the 250 kv unit—note these 


outstanding features which guarantee high 
quality radiographs: 


Ease of operation 


X-Actron milliamperage contrel 

Constant potential for highest X-ray output 
Direct kilovoltage reading 

Load pre-set 

Fine fooal spot X-ray tube 


Call your Westinghouse representative, or write: 
Westinghouse Electric Corporation, 
2519 Wilkens Avenue, Baltimore 3, Maryland. 


YOU CAN BE SURE...1F 
| Westinghouse 


positive locks 


| 


* 
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Cast ngs 


in Stainless 
and Special Alloys... 


with Controlled 
High Quality 


Lebanon Steel Foundry pattern 
makers study engineering designs, 
suggest’ improvements and plan 
jobs for production giving careful 
consideration to feed heads, rigging 
and gating. This care in prepara- 
tion can save valuable time and 
eliminate costly failures. Pattern 
making, however, is but one of 
many steps in production rigidly 
followed by Lebanon craftsmen to 
provide CIRCLE (© castings of 


controlled high quality. 


LEBANON STEEL FOUNDRY 
Dept. H, Lebanon, Pennsylvania 
“In the Lebanon Valley” 


LEBANON 
Steel and 
Alloy Steel 


asting 
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High-Temperature Alloy 
for Rotor Blades 


(Continued from p. 148) 

It was found that to achieve 
outstanding high-temperature prop- 
erties two important factors must 
be considered and carefully con- 
trolled: (a) The balance between 
the carbon and the carbide-forming 
elements and (b) the “complexity” 
effect, which requires the alloy to 
contain at least three carbide 
formers in proper proportion and 
balance. It is theorized that the 
strengthening effect of the carbide- 
forming elements exists in such 
precipitation-hardened alloys as a 
result of empirically adjusting their 
compositions to slightly exceed the 
solubility limit at the service tem- 
perature. It is further considered 
that the useful aging temperature 
range is broadened by the precipi- 
tation of two or more phases at 
different temperatures. Also, the 
resistance to overaging can possibly 
be expected to increase with in- 
creasing complexity of the carbide 
phases formed. 

An ingenious method of pre- 
senting the results as “isoproperty” 
contours on ternary and quater- 
nary composition diagrams indi- 
cated that for best high-temperature 
properties the alloy base should be 
cobalt-rich (40 to 45%). About 
20% chromium was necessary for 
scale resistance. Iron and _ nickel, 
although somewhat deleterious, 
were maintained around 15% for 
practical purposes to permit the 
use of ferro-alloys and facilitate 
machining. A combination of 
V-Mo-Cb additions to the base com- 
position gave alloys with proper- 
ties somewhat superior to those 
with W-Mo-Cb additions. The opti- 
mum strengthening composition for 
the base analysis was found to lie 
within rather small limits, around 
0.3% C and a 6% total of V, Mo 
and Cb. While wide limits were 
indicated for the proportions of V, 
Mo, and Cb, the 2.8 V, 2.0 Mo, 1.2 
Cb analysis was most attractive. 

Small Ti and Al additions to 
alloys containing Mo-Cb improved 
rupture ductility without changing 
creep or rupture strength at 1380° 
F. However, such additions sig- 
nificantly reduced these properties 
at 1470° F. 

The above effect of composition 
studies was arbitrarily made on 
material air cooled from 2340° F. 
after a 2 or 3-min. soak.  Investi- 
gation of heat treatment variables 
indicated that water or oil quench- 

(Continued on p. 154) 


NEW 
IMPROVED 
SILICONE-BASE 
HEAT- RESISTANT 
FINISH 


Protects Stewart Warner's 
New Saf-Aire Wall Furnace 


ity fini sfications for this 
fot a coating 
stand 500° and still re- 

or and gloss—a tem- 

that incurred in 
heat 


ists atings 
resistant SICON Beis 


‘or dynamic proof 

- zing stability under 
hure now ready. 


INDUSTRIAL FINISHES CO. 
Waukegan, Illinois 
 ENAMELS SYNTHETICS | 

LACQUERS VARNISHES 


a 
Wherever 
LEBANON it’s 
Sicon 
| 
| 
= 
| 
| 
1. SICON 
worked 
y SICON has 
perfectly.--) ether finish prob- 
Write 
SICON’S a! 
heat! New 
Silicone-Base Finish is 
MIDLAND 


GIVE A FORGEMAN 
A CLUTCH 
HE CAN COUNT ON! 


Imagine a simple, single-plate clutch for 
high-performance forging machinery, one 
that has already demonstrated its ability 
to stand up to the abuse of millions upon 
millions of deflections and remain trouble- 
free, 

National-pioneered Diaphragm Clutches* 
came on the scene in 1944, filling a forge- 
shop need born of World War I. Hundreds 
are now in service, rewriting all the old 
records for length of operation without 
*ON REDUCEROLLS clutch problems. 

You can’t have a “boy” of a clutch on 
high speed forging machinery. Diaphragm 
Clutches are “‘men”’ with hearts of steel 
that beat unfailingly, far beyond the forge- 
man’s fondest hopes. 


Diaphragm Clutches are just one more 
important reason underlying the depend- 
ability of National equipment, backed, of 
course, by years of pioneering and up-to- 
the-minute engineering for the forging 
industry. 


We invite you to apply National's experience 
in hot or cold forging. Send us your prints 
or samples. Better yet, visit us. No obligation. 


ATIONAL 


MACHINERY COMPANY 


TIFFIN, OHIO — SINCE 1874 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES * MAXIPRESSES * REDUCEROLLS * COLD WEADERS © BOLTMAKERS * NUT FORMERS * TAPPERS © WAILMAKERS 


*ON LARGE NUT FORMERS 


Hartford Detroit Chicago 


— 
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WHAT'S OWL WAT SIZE 


When you buy a hat you buy it to fit. Doesu't it make 
good sense to buy an annealed shot and grit made to 
fit your blasteleaning problems exactly? 

If your blastcleaning problem is such that annealed 
abrasives are the most economical obviously, that is 
what you will use. However, it is just as obvious that 
there is a great deal of difference between just polish- 
ing a surface, or removing light sand and scale or 
removing imbedded sand and cutting however 


made in three different hardness ranges with a narrow 
range of hardness in each. Permabrasive is different 
because, |., it is made from controlled raw materials of 
the proper chemical composition to respond UNIFORMLY 
to heat treating and, 2., because uniform, pellet for 
pellet, annealing with a new CONTINUOUS process pro- 
duces assured results. Thus, like buying a hat to an 
exact head size, you can now buy annealed abrasives 
to fit your own blasteleaning problem. 


slightly — into the surface. These three different blast- 
g problems CANNOT BE SOLVED, with equal 
my, with ordinary annealed shot and grit. The 
annealing must be CONTROLLED the hardness range 


There is no obligation involved in having us deter- 
mine your exact needs. If we can show you even 
greater savings over your present use of annealed 
abrasives you're bound to profit. If we can’t, you have 


must be held within narrow limits and within the range 

best suited to the operation or the greatest and address on the coupon below and send it to the 

economy of operation will not be achieved. Hickman, Williams office nearest you. We'll do the 
It so happens that Permabrasive Shot and Grit 1S rest. 


only lost a three-cent stamp. Please write your name 


PERMABRASIVE* SHOT AND GRIT IS PRODUCED EXCLUSIVELY BY 
NATIONAL METAL ABRASIVE COMPANY - CLEVELAND, OHIO 
AND SOLD EXCLUSIVELY BY 


HICKMAN, WILLIAMS & COMPANY 


c 
OK. You may determine our "size" in annealed abrasives, without any obli- 


CHICAGO + DETROIT 
gation on our part, of course. 


CINCINNATI + ST.LOUIS 
_—_ NEW YORK + CLEVELAND 
a PHILADELPHIA + PITTSBURGH 
INDIANAPOLIS 


Address 


“Licensed under 
U.S. Patent No. 2184926 
U.S. Application No. 619602 


MAIL TO HICKMAN, WILLIAMS OFFICE NEAREST YOU 
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Discharge end of 
Continuous Sintering 
Furnace 


FURNACES 


Experience, tested design and construction will serve 
your individual production needs for powdered metals 
and similar controlled atmosphere requirements. . . 
Batch type or continuous furnaces are available. 


VEMANGO ST., PHILADELPHIA 34, PA. 
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AND 


GER TIPS 


ODES for 


AND 
EXTENSION 


Now, on one handy chart 


(8 2” x 5%") Color Codes, Calibration Symbols, 
Thermo Elements of Thermocouple and Extension Wires for ISA, 
U.S. Military and Aeronautical Specifications — Plus — Resistance Tables. 


Write Today for your copy. No obligation, of course. 


Thermo Electric 


LAWN, 


NEw JERSEY 


GET PHYSICALLY CLEAN SURFACES 


into (or sprayed with) the 
Magnusol solution 


work, 
completely flushed off when 
rinsed with water, steam or 


is non-toxic, non-inflammable 
and harmless to all metals 
to the skin. > 


By Precleaning with 
MAGNUS EMULSO-CLEAN! 


Remove not only oily, greasy dirt, but all 
solid particles as well. With the Magnus 
Emulso-Dip method of precleaning, your 
work goes to the final cleaning operation 
physically clean . . . with the job of the 
final operation concentrated on giving 
you a chemically clean surface, ready for 
reject-free plating. The Magnus Emulso- 
Dip process does all that chlorinated sol- 
vents can do... and more. . . because it 
removes solid dirts as well as oils and 
greases. It is based on always available 
Magnusol and safety solvents. It means 
no hazards to personnel . . . no attack on 
equipment . . . no danger to the work. 


SEE IT WORK! 


. . either in the Magnus Testing Laboratory 
or through a demonstration in your own plant. 
Ask us for details. 


MAGNUS CHEMICAL CO. * 96 South Ave., Garwood, N. J. 


In Conada—Magnus Chemicals, Ltd., Montreal. 
Service representatives in principal cities. 


CLEANERS « EQUIPMENT + METHODS 
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High-Temperature Alloy 
for Rotor Blades 


(Continued from p. 150) 

ing from this temperature gave a 
marked improvement in high-tem- 
perature strength properties. Solu- 
tion treatment temperatures above 
the solidus, which produced an 
intergranular eutectic-like carbide 
phase (this did not impair the 
elongation at fracture) rather than 
globular carbides, resulted in max- 
imum properties. Because of pos- 
sible difficulties in manufacturing 
resulting from such a treatment, it 
is recommended that temperatures 
at or just below the solidus for 5 
to 15 min. be used. Fully aging at 
1380 to 1470° F. enhanced the creep 
strength but had no effect on rup- 
ture strength. 

The nature of the precipitated 
phases was studied by means of 
electrolytic extraction and subse- 
quent X-ray and chemical exami- 
nation. The carbide-forming power 
of the elements Cr, Mo, W, and Cb 
was found to increase in that 
order. Age hardening «ppeared to 
be associated with the formation of 
a (W,Mo,Cr,Fe),.C, phase. Other 
excess constituent phases identified 
in 0.5 C— 20 Cr—20 Ni-— 20 Co- Mo- 
W-Cb alloys were Fe,(Mo,W),C 
and Cb,C,. In alloys containing 
vanadium the vanadium carbide 
was in solid solution in the phase 
E. E. ReyNoups 


The Welding of 
High-Pressure Pipes* 


EFECTS in a high-pressure pipe 

line of a power station initiated 
an investigation of the problem of 
manufacturing welded pipe lines 
capable of withstanding the high 
pressures they are subjected to, 
these ranging from 3 to 50% of the 
pressure head. The pipe line in this 
instance was made of boiler plate 
that had not been normalized; it 
was susceptible to brittle fracture, 
especially in the existing sheet 
thickness of 30 mm. (1.18 in.). For 
a safe service, the material should 
be free of the tendency for brittle 
fracture and its yield and tensile 
strengths should be as high as pos- 
sible. A closely related factor is the 
behavior of unannealed circumfer- 

(Continued on p. 156) 

*Abstract of “Welding Problems 
With High-Pressure Pipe Lines”, by 
H. Hauttmann, Bergund Hiittenmén- 


nischen Monatshefte, Vol. 95, Decem- 
ber 1950, p. 314-317. 
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and now...the XRD-4 


...a versatile, new instrument in the complete 


GE X-RAY diffraction line 


X-ray diffraction — industry's most 
flexible method of technical investiga- 
tion — opens even broader application 
possibilities with General Electric's in- 
troduction of the XRD-4, 

In the fields of metallurgy and met- 
allography ... chemistry and the process 
industries . . . mineralogy, physiology 
and pathology — XRD instruments 
have eliminated the guesswork from 
many analysis problems, This new com- 
panion to the XRD-3 has the same 
proven control and transformer, the 
same low operating cost Coolidge tube. 


In addition, a Weissenberg camera 
and other special instruments can now 
be accommodated on the unobstructed 
top. And the self-contained water cool- 
er eliminates the need for exterior pip- 
ing . . . permits easy movement from 
ftoom to room. 


Ask your GE x-ray representative for 
information on this unit and on the 
complete XRD diffraction line, or write 
General Electric Company, X-Ray De- 
partment, Milwaukee 14, Wisconsin, 
Rm. AS4. 


GENERAL @@ ELECTRIC 
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WYCKOFF 


an established 
name in 


COLD FINISHED 
Controlled 


BAR STOCK 
Carbon and Alloy 


4 Strategic Locations* 


WYCKOFF 


STEEL COMPANY 


FIRST NATIONAL BANK BUILDING 
PITTSBURGH 30, PA. 


3200 S. KEDZIE AVENUE 
CHICAGO 23, ILLINOIS 


“Works: Ambridge, Pa. * Chicago, Ill. 
Newark, N. J. * Putnam, Conn. 


METAL PROGRESS; PAGE 156 


The Welding of 
High-Pressure Pipes 


(Continued from p. 15%) 
ential seams during service stresses. 

The Vereinigte Osterreichische 
Eisen- und Stahlwerke Linz carried 
out pressure investigations with 
pipe units similar to those used in 
practice, each section being 39 in. 
long, 4.3 in. in diameter and having 
a wall thickness of 0.78 in. Two 
such sections were joined so that 
the longitudinal seam trans- 
located by 180°. In this testing 
arrangement, as in the pressure sys- 
tem, tangential forces only acted on 
the tube wall. At first, it was not 
possible to prevent the propagation 
of a crack, although according to 
the deposition weld-bending test (a 
flow-bend test employing a longi- 
tudinal weld bead and similar in 
scope to the Kinzel test) the steel 
was not susceptible to brittle fail- 
ure. The rupture extended the en- 
tire length of the tube. 

As a result of the experiments, 
the firm developed the so-called 
“Aldur” steel for welded structures 
which prevents the cracks on the 
circumferential seam from extend- 
ing into the parent plate. This steel 
has the following composition: 0.16 
C, 0.24 Si, 1.0 Mn, 0.018 P, 0.022 S, 
and 0.055% Al. Its yield and tensile 
strengths are 49,700 and 69,000 psi., 
respectively; elongation (l=5 di- 
ameters) is 33°. 

In one test the whole pipe unit, 
consisting of two pipe sections, was 
given a stress-relieving anneal. A 
crack developed under a pressure of 
25,100 psi. at a weak spot in the cir- 
cumferential seam after the occur- 
rence of a permanent deformation 
of 12.6% in the circumference. The 
elongation to the right and left of 
the seam was 10 and 17.2%, respec- 
tively. The results of a pressure 
test on a unit having stress relieved 
components but with a nonannealed 
circumferential seam were satisfac- 
tory also. Again, only the circum- 
ferential seam cracked (the pressure 
being 25,900 psi.); permanent defor- 
mation at this spot was 9.9, and 
the highest elongation in the plate 
amounted to 10.6%. As already men- 
tioned, the crack was restricted to 
the seam. 

The last investigations that have 
been carried out by this firm show 
that it is possible to manufacture 
steels with good weldability and 
low susceptibility to brittle fracture 
and having a yield strength of not 
less than 56,700 psi. and a tensile 
of 82,000 to 96,000 psi. 

Orro Mirtr 


MARTINDALE 
ROTARY BURS AND FILES 


Made of high-speed steel. Produced 
in our own factory where uniform hard- 
ness is assured by heat-treating in elec- 
tric furnaces on which the temperature 
is closely controlled by electric eyes. 


Per Set 
$11.05 net 

9.75 net 

8.45 net 


The above sets, with \” diameter 
shanks, are composed of the 8 most 
popular sizes for general use. 

Over 200 sizes and shapes (total over 
75,000 pieces) are carried in stock for 
immediate shipment. 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 
4 types for ferrous and nonferrous metals. 
Diameters range from 134” to 4”. 


“MOTOR-FLEX” 
GRINDERS 


These high- 
quality, port- 
able flexible- 
shaft tools are 
in 7 
ty Or oper- 
floor, or over- 


Write for 64-page Catalog No. 28 
covering above and many other products 
for maintenance, safety, and production. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohio 


> 
Fi 

‘Gel Set AB (Burs) AF (Piles) 

a Sets AB & AF 

— 

as 

FINISHED 

and 

2 head. 


Presmet 


“Quality component parts for nearly every conceivable field are success- 
fully sintered in our Westinghouse continuous belt conveyor furnace,” reports 
Presmet Corporation. The furaace is used for sintering copper, brass, bronze, 
iron and steel, and also for copper and brass impregnation of iron 
and steel parts. 

This is the second Westinghouse heat-treating furnace now employed by 
Presmet Corporation. Decision to add another Westinghouse unit was 
based on their record of furnace performance and the high degree of 
Westinghouse service. 

Gas-fired or electric, there’s a Westinghouse furnace to meet every heat- 
treating need. For toolroom application or continuous-line high production, 
it’s your assurance of an unbiased answer to your all-important problem. 
Get the facts from your Westinghouse representative. Write today for new 
40-page book B-5459, “Harnessing Heat”. Westinghouse Electric Corpora- 
tion, Industrial Heating Department, Meadville, Pennsylvania. J-10374 


IF YOUR PRODUCT CALLS FOR 
HEAT-TREATING .. . IT CALLS 
FOR A WESTINGHOUSE FURNACE 
GAS OR ELECTRIC 


2 


HEAT-TREATING FURNACES 


and Service sold 
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What do you 
know about the 


Moly-sulfide 


LUBRICANT ? 


You may have heard 
rumors of a highly 
successful solid-film 
lubricant which is 
giving remarkable re- 
sults in the shop and 
in the field. 

In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 
lubrication problems 
have been overcome 
by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
write for a free copy 
now. 


THE LUBRICANT OF MANY USES 


Moly-sulfide 


A LITTLE DOES A LOT 


Climax Molybdenum Company 
500 Fifth Avenue 
New York City 


SEND FOR THIS FREE 
BOOKLET TODAY 
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Mechanical Descaling 
Method for Wire* 


A* IMPORTANT innovation in wire 
drawing, which has taken thirty 
years of experimental work to 
evolve, is the descaling of wire rods 
and the drawing of satisfactory wire 
without the use of liquid cleaning 
agent and lubricant. The process 
consists of cracking the scale by 
means of multiple bending of the 
wire, the deformed wire then pass- 
ing through a_ wire-brush bufling 
machine which is said to remove 
99% of the scale before the wire 
enters the drawing die. The draw- 
ing lubricant is a powdered heavy 
metallic soap. This process and the 
equipment used are covered by pat- 
ents held by the Société Métallur- 
gique de Gorcy, the machinery is 
made under license by Liné-Jost of- 
Albert, Somme, France. Plants op- 
erating at Luisenthal (Saar Valley) 
and St. Ingbert have been success- 
fully producing 1000 tons per month 
since the early part of 1950. 

Three important problems had 
to be overcome in solving the diffi- 
culties encountered in the early 
stages of this development. These 
are (a) the best method of deform- 
ing the wire to properly loosen the 
scale, (b) a satisfactory brush to 
thoroughly remove the loosened 
seale, and (c) a dry lubricant which 
would permit standard reductions 
at ordinary drawing speeds without 
excessive die wear and breakage of 
the wire. 

After trying many variations of 
equipment for deforming the wire, 
this was simply and effectively ac- 
complished by pulling the hot rolled 
rod over a pulley mounted on a ver- 
tical shaft and then passing it over 
a pulley mounted on a_ horizontal 
shaft. Thus the wire is bent 90° in 
the horizontal plane and then 90° in 
the vertical plane. It then passes 
through a nest of bufling brushes 
which revolve on vertical shafts 
perpendicular to the direction of 
wire travel. It is claimed that this 
operation removes 99°: of the scale 
and eliminates the pickling, rinsing, 
sulling, lime coating and baking 
which are conventional practice for 
the “dry” wire drawing process. 

A large number of brushes were 
investigated but the only satisfac- 
tory type was a brush having stiff, 
steel wire bristles. The important 
details regarding the brushes and 

(Continued on p. 160) 

*Abstract of “The Method and 
Results Obtained With a Machine for 
Descaling Wire”, by Von Walter 
Zwierz, Stahl und Eisen, Oct. 25, 
1951, p. 1133-1137. 


Tempilstiks 


mating 


A simple method of 
controlling temper- 
atures in: 


HEAT-TREATING 
IN GENERAL 


It's this simple: Select the 
Tempilstik® for the working 
temperature you wont. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reached. 


gives up 
to 2000 
readings 


Available in these temperatures (°F) 


1500 
1550 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy” 
— 16%,” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgica! Testing Machines 
Dept 8 * 3000 South Wallace St., Chicago 16, III. 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohio 
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© WELDING 
4/0 
available 
BY © TEMPERING 
© FORGING in pellet 
CASTING and 
© MOLDING liquid 
ma © DRAWING form 
© STRAIGHTENING 
| i 
> 
113 | 263 | 400 950 | 
a 125 | 275 | 450 | 1000 
ee 138 | 288 500 1050 1600 
ea 150 | 300 | sso | 1100 | 1650 
313 | 600 | 1150 | 1700 
a tea | 325 | 650 | 1200 | 1750 
8 200 | 338 | 700 | 1250 | 1800 
a 213 | 350 | 750 | 1300 | 1850 . 
Wa 225 | 363 | 800 | 1350 | 1900 
1 238 | 375 | 850 | 1400 | 1950 
SERVICE: 
CLAUD S. GORDON CO. 
MP-4 MS-3 
= 


A Low PORTABLE 
HIGH FREQUENCY 


desired temperature. 
d, Ideal for geors, coms, 
4 uction surtoces, cut- 


Heat localized exact- 


ANNEALING 


ideal for an- 


stress 
relieving, nor- 
molizing of pre- 
heating selected 
orecs. 


© SMALL AND COMPACT This versatile unit is priced so low that every shop 
Conveniently operated on 


ae may now take advantage of modern induction heat- 
ing necessary. ing techniques to improve quality and to increase 
© ECONOMICAL OPERATION production. Its simplicity of operation eliminates the 


No special power installa- need for skilled personnel. 
tion required. Operates on 


Complete unit with line 


The Lepel Model 2 KW will meet the requirements 
FULLY GUARANTEED of machine shops, toolrooms, research laboratories $870 
Guoronteed for continuous and educational institutions. It is especially suitable . 
7 sa ond stated per- for hardening, brazing and soldering small parts f.0.b. factory 
rmonce. 


of either ferrous or non-ferrous metals. 


WILL HEAT TO 1500° F. 
Ye" steel rod if length in opprox. 1 second 


Will melt 4 ounces of brass or steel in 4 minutes. 
Equally well suited for heating of non-ferrous metals. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 


Write for Lepel Catalog MP-4 
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‘Are you SURE 

youre using 

THE MOST | 
EFFICIENT FINISH? 


if your production involves 
finishing zinc, cadmium, 
aluminum or cuprous metals, 
you owe if to yourself... 
and your customers... 

to investigate 


for on any of these metals Iridite gives you a high per- 
formance finish at a low cost from a simple chemical dip. 


IF YOU WANT HIGH CORROSION RESISTANCE, 
you'll find an Iridite that will meet any military or civilian 
specifications for chromate finishing. 


IF PAINT ADHERENCE IS IMPORTANT, 
you'll find Iridite prevents underfilm corrosion and soap 
formation. 


OR, FOR BRIGHT, DECORATIVE FINISHES— 


investigate zinc plate and Iridite (Bright) for a chrome-like 
decorative finish with more corrosion protection than con- 
ventional chrome plating . . . or Iridite (Metcote) as a treat- 
ment for copper that eliminates the need for buffing in the 
copper-chrome system; produces a sparkling bright finish! 


ar welts 


INCORPORATED 
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Mechanical Descaling 
Method for Wire 


(Continued from p. 158) 
lubricants are purposely omitted in 
the article. 

At first, the drawing dies lasted 
only a few hours because of the ex- 
cessive wear, but this has been over- 
come in recent practice and dies can 
now be used for three or four 
weeks. Part of this difficulty re- 
sulted from ineffective scale re- 
moval because of poor brushes and 
part to uneven distribution of the 
lubricant, the dies wearing out very 
rapidly on one side. The wire must 
be dry and should not be processed 
for at least 24 hr. after hot rolling. 
The brushes now used are good for 
150 to 200 hr. of service; the weight 
of scale removed approximates 22 
Ib. per ton of steel. Total power re- 
quirement is stated to be about 4 
kw-hr. per ton over that required 
for pickled wire; drawing speed is 
3 ft. per sec., the same as for pickled 
wire. Present die life is 10° less 
than that obtained on pickled wire. 
It is assumed that this refers to 
tungsten carbide dies. The finished 
product is equal in all respects to 
wire made from pickled rods. 

Total reduction on the mechan- 
ically cleaned wire is less than for 
a chemically cleaned wire. It is 
only possible to draw from 5 mm. 
(0.197 in.) to 0.9 mm. (0.035 in.) be- 
fore it is necessary to anneal the 
coil; the pickled wire may be drawn 
from 5 mm. (0.197 in.) to 0.6 mm. 
(0.0236 in.) before annealing. 

All interpass or process anneal- 
ing in these plants is done in bright 
annealing furnaces when making 
smaller wire sizes, so neither 
mechanical nor chemical cleaning 
is necessary. The mechanically 
cleaned wire is entirely satisfactory 
for galvanizing. This process is at 
present limited to wire having less 
than 0.30 carbon. The total cost 
of this process is given as: 

MARKS 
ITEM PER TON 

Dies + 10% 0.09 

Brushes 0.048 

Labor 0.792 

Maintenance 0.036 

Transportation 0,228 

Power 1.245 

Lubricant 0.660 

TOTAL 3.099 

Scale Credit 0.600 

NET COST 2.499 

Total Pickling Wire Cost 9.000 

SAVING 6.501 

Based on the exchange rate of 
four Deutsch marks per dollar, this 
is a saving of $1.635 per metric ton. 

E. C. 
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It pays to buy by brand 


when the brand- 
name speaks for extra performance on the 
job. As makers of First Quality tool steels 
exclusively, we say: buy Vanadium-Alloys’ steels 
by name—and get the values added to each 
composition by our specialized process of 
manufacture . . . values that are physical, 
measurable, and profit-making for you! 


Non-Shrinkable 


Colonial No. 6 Non-Deforming, Oil 


Hardening Die Steel having excellent machining properties; low 
hardening temperature. Popularly used for blanking punches endl 
dies, gauges, bushings, and miscellaneous tools. 


better wear and toughness in thread rolling dies, form and 
blanking dies, punches, knurls, g 


Air Hardening, High 
Carbon-High Chromium Steel. Free from movement in hardening, 
combines high wear stance and tough for difficult jobs. 


Your choice on trimming dies, shear blades, coining dies, rolls 
and mandrels. 


High Carbon-High 
Chromium Die Stee) with outstanding resistance to wear. Can be 
either air or oil hardened. Select this grade for lamination dies, 
wear plates, slitting cutters, and forming dies. 


An unusual Oil Harden- 
ing Die Steel. Maintains keen cutting edges; excellent for punches, 
taps, blanking dies, spinning tools, and slitters. 


LATROBE, PENNA. 
Colonial Stee! Divisien Anchor Drawn Stee! Co. 


5% Chromium Steel with © 
minimum distortion in air hardening. Especially adapted for — 


on your cold work die jobs! | 
Red Star Tungsten 


a 


Conversion to liquid carburizing shortens process cycle 
... @liminates need for plug quenching 


—— QUALITY in heat treating at lower oper- 
ating costs! That’s the report from Wisconsin 
Axle Division, Timken-Detroit Axle Co., where a 
liquid system has replaced pack carburizing. Com- 
pact in size, this firm’s ‘‘in line’’ liquid carburizing- 
martempering unit has substantially shortened the 
process cycle . . . produces cases of uniform depth 
and hardness on transmission gears. Production has 
increased. Manual handling of parts has been re- 
duced. And distortion is held so low that press and 
plug quenching have been eliminated. 

Liquid carburizing units are low in initial cost 
and can be readily adapted to mass production 
methods. The fast, even heating properties and ac- 
curate temperature control possible with these units 
reduce the danger of overheating and assure uni- 
form cases—even when parts have extremely irreg- 
ular sections. And distortion is held to a minimum 


CYANIDES and SALTS. 
for STEEL TREATING 
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by the buoyancy of the bath. 

Perhaps your plant can profit by converting to a 
molten salt bath process. Get in touch with your 
nearest Du Pont office today. Our technical repre- 
sentatives will be glad to help you on heat treating 
problems, selection of materials, and the planning 
and layout of equipment. E. I. du Pont de Nemours 
& Co. (Inc.), Electrochemicals Dept., Wilmington 
98, Delaware. 


There’s a Du Pont molten salt bath for every 
heat treating need. Sodium Cyanide, Accelerated 
Salt WS,* and Carburizing Salt—for shallow, me- 
dium and deep cases—are just three of the Du Pont 
heat treating materials that can mean top produc- 
tion and maximum economy for your plant. 


*Water Soluble 


080% 
Better Things for Better Living . . . through Chemistry 
ELECTROCHEMICALS DEPT. DISTRICT OFFICES: 
Boston, Charlotte, Chicago, Cincinnati, Cleveland, De- 
troit, El Monte (California), New York, Philadelphia 


| 
. 
DUPONT 
| 
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25,000 Rock Bits Forged 
Daily by Punches and 
Dies of Cr-Mo-W 


The hot-forging and trimming of steel 
bits for drilling rock is a pretty tough 
job for a tool steel. After trying several 
different kinds of hot-work steels, West- 
ern Rock Bit Manufacturing Co., Salt 
Lake City, found that our Cr-Mo-W pro- 
duced more bits than more expensive and 
higher-alloy hot-work steels. 

In the initial operation in the making 
of the bits, a punch of Cr-Mo-W extrudes 
a hot steel slug (1950 F) in a 400-ton 
press. In subsequent steps, the bits are 
trimmed to exact size by trimming dollies 
and water holes are pierced by punches 
also made of Cr-Mo-W. 

This is an all-around hot-work steel 
containing 5 pet chromium. It’s especially 
suited for jobs that involve shoek, drastic 
temperature changes, and for all appliea- 
tions where heat-checking is a problem. 

Cr-Mo-W hardens in air and has good 
resistance to distortion during heat-treat- 
ment. It’s an easy steel to machine be- 
cause it can be annealed to 217 Brinell. 

Like to know more about Cr-Mo-W? 
Write us for Booklet 265, giving details 
on all of our hot-work steels. Address 
your request to Publications Dept., Room 
1041, Bethlehem, Pa. 


Bits are trimmed to exact size by the trim dollie 
shown above. Made of Cr-Mo-W hot-work steel, its 
service life is about 30,000 bits. 


Fig 


Ultrasonic inspection of the entire length of this tool steel bor aids in detecting injurious internal defedts. 


What We Mean by “Ultrasonic-Tested” Steel 


Sometimes we are asked to explain the 
phrase “ultrasonic-tested” which appears 
at the bottom of our tool-steel advertise- 
ments. Well, this refers to one of the 
standard tests we use to safeguard the 
quality of tool-steel billets and large bars. 

An ingenious piece of eleetronic equip- 
ment, known as a retlectoscope, generates 
millions of vibrations per seeond and 
beams these ultrasonic waves through the 
steel. The echo or reflection from the op- 
posite surface of the steel appears as a 
wave pattern on the oscilloscope sereen 
of the instrument so that the entire see- 
tion is thoroughly probed for deviations 
from high quality. 

Expert operators watch the sereen and 


Tool surfaces which are polished create 
less frictional heat and are less likely to 
gall or “pick-up.” These considerations 
are especially important when tool sur- 
faces have a moving contact with metals 
and are subject to high pressures. 

On cutting tools, for example, the flow 
of chips across the face of the tool 
creates far less friction when the grind- 
ing marks are parallel to the chip move- 
ment or when grinding marks are largely 


interpret the “pips” or wave patterts 
that appear as the entire length of the bar 
or billet is inspected. Any injurious 
ternal condition that may exist is easily 
recognized. 

Some people are dubious of such nom- 
destructive testing methods. So were we 
when we first experimented with this 
equipment. That’s why we've sliced up 
hundreds of bars and billets to make sufe 
that the ultrasonic testing was giving 
a reliable picture of the internal strug 
ture of our tool steels. 

It’s just one of many steps in our com 
stant effort to avoid shipping even one 
bar of tool steel that’s not every bit as 
sound as the customer expects it to be. 


Our Tool Steel Engineer Says: 


Polished tool surfaces give longer service 


eliminated by polishing. Some twist 
drills and taps now have polished flutes, 
a feature intended to extend tool life. 

It’s often costly and time-consuming 
to polish tool wearing surfaces. But 
longer tool life ean often make it well 
worthwhile. 

The usual polishing procedure is to 
grind with a 60-grit abrasive, followed by 
polishing suecessively with 120-grit and 
320-grit abrasive powder. 


Bethlchem Tool Steel 
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WITH SPERRY ULTRASONICS 


Inspecting drill bits for possible 
fatigue cracks. 


/ 


Inspecting the main shaft of a 
48- by 60-in. jaw crusher. 


The unexpected breakdown of produc- 
tion equipment has long been a costly 
and unpredictable expense. 


The Sperry Ultrasonic Reflectoscope, 
the newest most advanced non-destruc- 
tive testing instrument, is now being 
used for maintenance inspection with- 
out the necessity of time-consuming dis- 
mantling or moving of equipment to 
special locations. 


By testing critical equipment at rea- 
sonable intervals, fatigue cracks can be 
detected and their subsequent growth 
followed, thus allowing an opportunity 
to schedule replacement or repair when 
production is least affected. 


Inspections have been made success- 
fuliy for several years on such equipment 
as—hoisting engine crankshafts and 
crankpins, sheave axles, hydraulic press 
cylinders, pressure and back up rolls 
and in most cases without time losses 
due to dismantling. Materials and parts 
produced by equipment such as this are 
also inspected for defects before vital 
machining hours are wasted. 


Write for complete descriptive information on day to day 
commercial testing service, lease or sale of the Sperry Ultra- 
sonic Reflectoscope. 


Sperry 


SSS 
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SPERRY PRODUCTS, INC. 


Danbury, Connecticut 


STOP COSTLY BREAKDOWNS | 


Influence of 
Surface Condition 
on Quenching Rates* 


RIOR RESEARCH at the Max Planck 

Institute used silver spheres 
quenched in various media. Origi- 
nally the temperature at the center 
was observed; later a_ technique 
was developed to determine the 
rate of temperature change directly 

that is, without having first to 
draw the time-temperature curve. 
By this means various quenching 
media were compared. 

Since the surface character has 
considerable bearing on the cooling 
rates, the present work was ex- 
tended to include iron spheres with 
cleaned, sealed salt-covered 
surfaces. Next, by quenching sam- 
ples of various steels, the validity 
of the previous findings for silver 
and iron spheres was established. 
Temperatures were measured 0.02 
in. below the surface. The experi- 
ments used a number of quench- 
ants which can be grouped into 
three classes: 

The first class comprises cool- 
ants which extract heat from the 
steel mainly by conduction and 
convection (exemplified by molten 
salts), and results in high cooling 
rates at high temperatures, the rates 
decrease as temperatures decrease. 

The second class is composed of 
coolants which extract heat mainly 
by evaporation. Water and oils be- 
long to this group. Cooling rates 
in these start at relatively low values 
and increase at lower temperatures. 

The third class cools by com- 
bined action and is exemplified by 
water solutions of salt or caustic. 

The influence of scale is shown 
in Fig. 1 and 2 (p. 164). The salt 
bath was a mixture of NaCl and 
KNO, melting at 285° F.; the 
quenching oil was a commercial 
product of 0.910 specific gravity, 
Engler viscosity of 7.5 at 20°C. and 
2.2 at 50°C., and had a flash point 
of 330° F. 

In coolants of the first class 
which cool by conduction (molten 
salt, Fig. 1), scale on the iron does 
not change the nature of the cool- 
ing-rate curve, but merely slows the 
cooling according to the thickness 
of the scale. 

In coolants of the second class 
which cool by evaporation (water 

(Continued on p. 164) 


* Abstract of “The Influence of 
Surface Conditions of Metals on the 
Cooling Rates in Liquid Quenchants”, 
by Walter Peter, Archiv fiir das 
Eisenhiittenwesen, Vol. 21, November- 
December 1950, p. 395. 
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HEARTH 


“CAR BOFRAX”’ |] Pusher type, oil fired furnace. Temperature at entrance end 1000 F; 2400 F at discharge end. 
sKiDs| after 2 years 


STILL GOOD 


For 16 hours (sometimes 24 hours) a day, five days a week, 
forging billets are pushed through this furnace. When it was 
equipped with a rammed chrome ore hearth, about two weeks 
of this punishment was all the furnace could take. The hearth 
would cut out. The furnace would have to come down for 
repairs. 

Then, in December 1949, CARBOFRAX silicon carbide skid 
rails were installed. The furnace was started up, and exactly 
one year later, 16,554 tons of billets had been pushed over these 
skids. And they still looked as good as new. 

Four months later, the furnace was down for some rearrange- 
ment of the front end. The close-up shows one of the skid 
rail brick as it appeared at that time — worn down only 1/16”! 


Today, those skids are still in service, still in good condition. 
Think what this means in terms of down time, labor, and 
materials . . . savings you might make, too. Write today for 
‘ further information. Our address: Dept. C-32, Refractories 
Div., The Carborundum Co., Perth Amboy, N. J. 


Use Super Refractories by 


CARBORUNDUM 


Trade Mork 


“Carborundum” and “Carbofrax” are registered trademarks which indicate manufacture by The Carborundum Company 
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Production Lines 
and Special 
wa Machines 


For maximum production of military 
items manual operations must be elim- 
inated. With CoNnTINENTAL Special 
Automatic Machines and Integrated 
Production Lines production goes on 
in a continuous flow with better, 
more uniform products with a mini- 
mum of man hours. 

CONTINENTAL jobs begin with anal- 
ysis of the requirements, then the 
selection and development of proper 
methods for greatest results. Finally 
follows the design, the building, and 
the installation of the machines— 
delivering a COMPLETE UNITIZED 
PRODUCING PACKAGE with results 
guaranteed. 

The broad experience of ConrTI- 
NENTAL Offers you a prompt, sure 
solution to your change-over program. 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
176 W. Adams Street, Chicago 3, Iilinois 
District Representives: 

Ridgewood, N, J. * St. Louis + Cincinnati + Detroit 
Mil * Indi lis * Cleveland + Pittsburgh 


PLANNED MILITARY 
PRODUCTION. Write for 
Booklet No. 127. 


SPECIAL MACHI 
COMPLETE PLA 


R OVER A QUARTER OF A CENTURY 
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influence of 
Surface Condition 


(Continued from p. 162) 
or oils as shown in Fig. 2), the 
scale not only causes lower maxi- 
mum cooling rates as compared 
with clean surfaces, but may 
change the character of the curve. 


800 600 400 200 
Temperature, °C. 
Fig. 1— Influence of 0.04-In. 
Scale on Cooling Rates of Iron 
Spheres in Salt at 390°F. 


Temperoture, °F 
4600 1200 800 400 oO 
| T T O75-In 
+ Clean | 
Scaled 


-/n. Sphere 
Clean | 
Scaled 


800 600 400 200 Oo 
Temperoture ; °C. 

Fig. 2 — Influence of 0.04-In. Scale 

or a Salt Layer on Cooling Rates 

of Iron Spheres in Oil at 105° F, 


The cooling-rate curve is of the 
same shape for a 1.57-in. sphere 
whether cleaned or scaled (the 
presence of scale apparently pre- 
vents formation of a vapor layer), 
whereas it has a different maximum 
for the smaller 0.75-in. sphere. The 
authors conclude that if the surface 
is covered with scale of what might 
be called “sufficient thickness”, the 
cooling-rate curves are quite differ- 
ent from those for clean surfaces. 
At high temperatures (over 1100° 
F.) the rates of the scaled surface 
are then much higher than those 
of the clean surface, but lower at 
temperatures below 900° F. 

In another series of experiments 
on oil-quenched 1,.57-in. spheres, 
the scale was varied. Scale 0.04 in. 
thick gave cooling-rate curves like 
the lower one for scaled sphere in 
Fig. 2. Scale about 0.10 in. thick 
gave a curve of about the same 

(Continued on p. 166) 
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facts about 


AIRCO’s 


RADIAGRAPH 


Up-to-the-minute in design, the No. 20 Radiagraph 
is Airco’s newest service-proven portable gas cutting 
machine. 


... So you'll know about the first gas-cutting ma- 
chine designed to carry Aircomatic®, Heliwelding, 
Flame Hardening, and other fabrication equip- 
ment... 

...So you'll be among the first to know how 
the No. 20 Radiagraph cuts circles and arcs, any 


AIR REDUCTION 


AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY 
AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 
Divisions of Air Reduction Company, Incorporated 


Dealers and Offices in Principal Cities 


\ 


length straight lines, simultaneous parallel lines — 
with single or double bevels, and irregular shapes. 
... So you'll know how this 57-lb. one-man porta- 
ble can be put to work for you, we've written up all 
the detailed information you need in a quick-read- 
ing, 8-page folder. To get your copy of the No. 20 
Radiagraph catalog, please fill in the attached cou- 
pon and mail it to us today, or write us on your 
business letterhead. 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


A Division of Air Reduction Compony, Inc. 
Advertising Department 

60 East 42nd Street 

New York 17, N. Y. 


Gentlemen: 
Send me the No. 20 Radiagraph catalog today. 
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Ideal for Removes scale and 
maintenance directional grinding 
and many other lines . . . prepares 
jobs, including surfaces for plating 
removal of rust, and holds tolerances 
dirt, scale, etc. to .0001"! Liquid 
Economically blast reduces costly 
cleans large hand cleaning and 
objects like finishing of molds, 
tanks, bridges, structural dies, tools, etc. 
work before painting. Six sizes, stationary Models from 


or portable, from... . $170.00 and up. $1410.00 and up. 


‘angborn industrial 
type Unit Dust Col- 
lectors trap dust at Ideal for pro- 
source. Machine ducing smooth, 
wear is minimized, clean surfaces on 
housekeeping and main- pieces up to 60” x 
tenance costs reduced. 36” in size. Cleans 
Solves many grinding metal parts, re- 
and polishing nuisances moves rust, scale, 
and material losses. dirt, grime, paint, 
. Models from etc., in a few seconds. Saves money all year 
oe. $286.00 and up. ‘round. Models from . . $319.00 and up. 


look to Pangborn for the latest developments in Blast Cleaning ond Dust Control! equipment 


MAIL 
COUPON 
FOR DETAILS 


Check for more PANGBORN CORP., 1800 Pangborn Bivd., Hagerstown, Md. 
information Gentlemen: Please send me more information on the equipment 


Blast Cleaning I've checked on the left. To be used for. 
Cabinets 


Blast Cleaning Nome 
Machines 
Unit Dust Company 
Collectors 

A 
Hydro-Finish 
Cabinets City 
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(Continued from p. 164) 
shape as the “salt gg curve 
at the bottom of Fig. 2, but it was 
very irregular and at tem- 
peratures above 1300°F. This was 
apparently caused by repeated for- 
mation and subsequent collapse of 
vapor layers. A thickness of 0.04 
in. of scale was apparently not suf- 
ficient to prevent vapor formation; 
“sufficiency” of a scale layer seems 
to depend on the thermal conduc- 
tivity of the metal and the scale, 
and on the heat content of the 
sample: the larger the sphere (and 
therefore the ratio of heat content 
to the surface area) or the higher 
its thermal conductivity, the thick- 
er the scale layer must be in order 
to be “sufficient” to prevent the 
formation of vapor when quenched 
in oil or water. 

It is impossible to establish 
quantitatively the critical value of 
the ratio, heat content to surface 
area, because there are too many 
factors which influence the scale 
thickness and its conductivity. 
Moreover, these factors vary in the 
shop, according to the condition of 
the surface prior to heating, time 
and temperature of heating, and 
especially the furnace atmosphere. 
The conductivity of the layer is 
influenced by its porosity, the 
chemical composition of the steel, 
and by an air gap which may form 
between metal and scale. Further- 
more, influence of the quenchants 
may be another factor. 

Sometimes the charge is heated 
in a salt bath and it arrives in the 
quenching bath covered with a salt 
layer. Some experiments were car- 
ried out to show the influence of 
such a layer on the cooling rates. 
The results for the large and small 
iron spheres were the same, so ref- 
erence to the 1.57-in. iron spheres 
will suffice. When hot specimens 
covered by a salt layer are quenched 
in molten salt or in 15% salt solu- 
tion, the cooling rate versus tem- 
perature curves are slightly below 
those for clean specimens. These 
two liquids belong to the first and 
third class of quenchants, respec- 
tively. 

The salt layer has a very pro- 
nounced influence, however, when 
quenching in the second class of 
coolants — water and oils, as shown 
in Fig. 3 for distilled water at 140° 
F. and oil at 105° F. Formation of 
a vapor layer is completely sup- 
pressed in oil; hence, intensive 

(Continued on p. 168) 


NOW! Pangborn Stock Units 

for Blast Cleaning... | 
Blast able 4 Polishine 
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@ Clean 3000 castings 
in 4 hours without any breakage! 


@ Cut cleaning man-hours 42%— 
saving $2100 a year on labor alone! 


“I didn't think any blast cleaning table could clean our castings 
efficiently,”” says Mr. Russell Brooks, Asst. Cleaning Room Super- 
intendent at the Eclipse Lawn Mower Co., Prophetstown, Ill. “I 
wanted proof! So we arranged for a demonstration at a nearby 
foundry where a Pangborn Rorostast Table has been used for 
several years. 


“Well, the demonstration was over and the castings perfectly 
cleaned before I realized it was started! I was sold! We ordered a 
Pangborn LG Rorostasr Table, with the idea of using it to clean 
about 50% of our castings. However, the performance of this table 


OVER 28,000 PANGBORN MACHINES 
SERVING INDUSTRY 


Two veteran Eclipse operators play "put and take.” Castings are put @n 
at one side for cleaning; are removed sparkling clean at the other side. 


=. 
Former skeptic Russell Brooks—shown here with Cleaning Room Superintendent 
Don Murray—no longer doubts the Pangborn LG ROTOBLAST Table’s ability, 


proved so superior that we now use it to clean almost our entire 
foundry output. We clean 3000 pieces in 4 hours . . . save $2100 a 
year in labor alone, plus additional savings due to the complete 
elimination of breakage. And, perhaps most important, we've licked 
the cleaning room bottleneck we had before!” 


Find out how you can speed production and save money, too. 
There's a modern, economical, efficient Rorostast Barrel, Room, 
Table, or Table-Room especially designed to solve every blast 
cleaning problem . . . including yours! For the complete facts, 
write today for Bulletin 214. Address: Pancsorn Corp., 1800 
Pangborn Bivd., Hagerstown, Md. 


ROTOBLAST... 
Look to Pangborn for the latest 
developments in Blast Cleaning SAVES LABOR with push-but- 
and Dust Contro! equipment 


SAVES SPACE because ma- 


BLAST CLEANS 
CHEAPER 
with the right equipment for every job 


chines are compact 
SAVES TIME by cleaning more 
locds per doy 
SAVES POWER since no com- 
pressor is needed 
SAVES TOOLS because all 
scale is removed 
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You can count on KEMP 
to solve any protective 


AY AFTER DAY Kemp users 

throughout the metals field 
report: Kemp Atmosphere Gas Gen- 
erators maintain exact analysis of 
chemically clean atmosphere gas 
regardless of demand. . . eliminate 
the possibility of mixture fluctua- 
tions at some critical phase of pro- 
cessing. These same users report big 
gas and maintenance savings with 
Kemp. Also Kemp Generators are 
fast-starting, easy-to-operate .. . 
offer real savings in both time and 
money by reducing the costly warm- 
up period necessary for starting. You 


OF BALTIMORE 
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Delivers exact 
same analysis 
inert gas 
regardless 

of demand 


can’t go wrong when you specify 
Kemp Atmosphere Gas Generators. 


Set it... forget it! 

The Kemp Industrial Carburetor, 
standard equipment and the very 
heart of every Kemp installation, 
assures you complete combustion .. . 
without tinkering . . . without waste. 
Uses ordinary gas right from mains. 
Every Kemp Design includes com- 
plete up-to-the-minute fire checks 
and safety devices. Why not find out 
how Kemp can help you with your 
problems, today? 


GAS GENERATORS 


Write for Bulletin 1-10 for technical informatica 


THE C. M. KEMP MFG. CO. 
405 E. Oliver Street, Baltimore 2, Md. 
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(Continued from p. 166) 
cooling spreads over a range in- 
cluding high temperatures. When 
quenching in distilled water, how- 
ever (Fig. 3, top), a coherent vapor 


Temperoture,;° F 
800 £0 oO 
Water ot 140°F 

| 


clean 


Oil at 1O5°F 


Salt Covered 

| 

800 600 400 200 0O 
Temperature; °C. 

Fig. 3— Influence of Salt Layer on 


Cooling Rates of 1.57-In. Iron Spheres 
Quenched in Distilled Water or in Oil 


~ 


layer is formed which is not as 
stable as it is on a hot clean surface 
and it collapses at a temperature 
approximately 200° F. higher. Note 
that during the following boiling 
phase the cooling rates are approxi- 
mately 50% higher than with a 
clean surface. 


QUENCHING OF SMALL PIECES 


The above data from iron spheres 
were then correlated with the 
quenching of small pieces of com- 
mercial steels as follows: 

QUENCHING 
STEEL TEMPERATURE 
C1095 (0.25 Si) 1475° F. 
C1060 1600 
C1080 1510 

Sizes of the samples were % x % 
x 1% in., % in. diameter x 1% in., and 
1 in. diameter x 1% in., respectively. 

Critical points of these steels 
were about equal (around 1340° F.). 
Beginning of transformation to fine 
pearlite on continuous cooling was 
more rapid in C1095, somewhat 
slower in €1060, and slowest in 
C1080. “Nose” of the transforma- 
tion curve occurred as follows: 


COOLING TEMPER- 

STEEL RATE ATURE TIME 

C1095 660° F./sec. 940° F. 1.2 sec. 

C1060 390 5 2.4 

C1080 300 3.1 
Martensite points were 340, 480, 

and 390° F., respectively. 

(Continued on p. 170) 
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“ideal for boilers’... 


or refrigerator parts! 


take advantage of the versatility of GRAY IRON! 


“GRAY IRON IS IDEAL FOR BOILER CONSTRUCTION”, says the manu- 
facturer of this boiler, “because it resists to the greatest possible extent 
the numerous corrosive factors that attack boilers both internally and 
externally. Furthermore, many boilers receive indifferent or poor care. 
Consequently, a very durable material is necessary for their construction.” 


WHERE RESISTANCE TO HEAT, CORROSION, WEAR AND VIBRATION 
is required—for boilers or refrigerator parts—gray iron provides it, at an 
* economical cost. For example, this manufacturer reports gray iron boil- 


ers that are still in service after 67 years, without major repairs. Make it Better with Gray Iron 
SO CONSIDER GRAY IRON whenever you need a part that must be Second largest roa A in the 
‘ » durable under adverse operating conditions— that’s either plain or intricately . 


shaped—gray iron provides a wide strength range, is easily castable and 
readily machinable. You'll find all these advantages in gray iron castings. SCRAP IS NEEDED FOR DEFENSE—KEEP IT MOVING! 
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of 

thee avaiable in 
GORDON 

— Platinum- 

THERMOCOUPLES 


A bockground of many years of 
experience and ‘‘know-how™ go 
into the production of Gordon Plati- 
num, Platinum-Rhodium Thermocou- 
ples. From this experience has 
evolved the Gordon policy which 
calls for the utmost in quality and 
service, the utmost in value to clients. 
That is why Gordon plotinum wire 
is carefully checked for thermocou- 
ple accuracy against o master ther- 
mocouple...calibrated and certified 
by the National Bureau of Standards. 
The porcelain insulation and pro- 
tecting tubes — go into a com- 
plete ther bly are of 
the finest quit obtainable. They 
are the best known means of pre- 
venting contamination of the ele- 
ments which result in false e.m.f. values, 
Also, the Gordon G-142 head which goes 


light in weight and penite easy replace- 
ment of new into a protecting tube 
assembly. 


Policy —highew quality 
dard ial — plus Gordon 


Write now for full information and price list. 


GORDON: 
SERVICE:3: 


CLAUD S. GORDON CO. 
Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 


Dept. 15 + 3000 South Wallace St., Chic 16, MH. 
Dept. 15 2035 Hamilton Ave., Clevel 14, Ohio 
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(Continued from p. 168) 

Dimensions of the samples were 
so selected that high surface hard- 
ness was obtained when quenching 
clean specimens, so the author used 
hardness values to express the 
change of cooling conditions caused 
by variation of surface conditions. 
Inasmuch as the critical cooling 
rates of the steels decreased in the 
sequence A, B, C, dimensions of 
the samples were increased in the 
same sequence. 

On quenching in a 15% salt so- 
lution the three surface conditions 
(clean, scaled, and covered by a 
salt layer) resulted in no appre- 
ciable differences in hardness. The 
different surfaces have, however, 
strong influence if quenched in dis- 
tilled water or oil. Hardness of 
samples quenched in oil are: 


STEEL HARDNESS 
Bare Sample 
C-41 to 42 
C1060 C-52 to 61 
C1080 C-55 to 59 
Scaled Sample 
C1095 C-43 to 58 
C 1060 C-36 to 51 
C1080 C-53 to 59* 
Salt Covered Sample 
C1095 C-43 to 60 
C1060 C-49 to 58 
C1080 C-44 to 52 
*C1080 with forging scale 
quenched to C-32 to 38. 
All three steels have their maximum 
transformation rates in the temper- 
ature range at which the oil has its 
highest cooling effect. Nevertheless, 
hardness of steel A, with clean 
surface, is very low; steels B and C 
are at least partially hardened. This 
difference in hardenability can be 
explained by the shorter times re- 
quired for pearlite to form in steel 
A (as compared with B and C) at 
temperatures above 1000° F. where 
the cooling effect of the oil, thanks 
to the vapor layer, is very small. 
Microstructure of steel A (fine 
lamellar pearlite) is also indicative. 
Pearlite transformation is delayed 
in steels B and C, and even then is 
not complete; this is verified from 
the higher hardness, and from the 
presence of more than 50% mar- 
tensite at the surface. 

Compared with a clean surface, 
scale may increase hardness (steel 
A), decrease it (steel B), or leave it 
unchanged (steel C). Steels A and 
B harden more readily and steel C 
less readily when quenched from a 
salt bath and having a layer of salt 

(Continued on p. 172) 
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MORE THAN A 
“COOLANT” 
IS NEEDED 


LITERALLY thousands of 
plants will testify that Stuart 
cutting fluids have been their 
only answer on really tough 
machining jobs. The research 
and experience that makes 
Stuart a leader on the tough 
jobs pays real dividends on the 
easy jobs. Stuart knows that 
more than a" coolant” is needed 
—that cooling, lubricity and 
anti-weld characteristics must 
be combined in a cutting fluid 
if optimum finish, tool life and 
production are to be secured. 

This doesn’t mean that you 
must have a different cutting 
fluid for every job, but it does 
mean you need a cutting fluid 
that is right for the job. 


Send for NEW BOOKLET “MORE THAN 
A COOLANT IS NEEDED” and ask a 
Stuart representative to show you how 
the planned application of Stuart cut- 
ting fluids will give you more output, 
longer tool life, better finish and 
lower cost. 


Offices in : | 
Principal Industrial Centers \ | 
Stuart Gil co 


2743 S. Trey St. Chicago 23, | 
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Wisconsin Sulfite-Treated Steel 


Sulfite-Treated Steel, a highly machinable steel, 
is produced by a Wisconsin-developed process. 


This steel undergoes a ‘“‘washing” action in the 
ladle, to add sulphides, uniformly dispersed 
throughout the metal—aiding the machinability 
of this steel. At the same time, abrasive elements 
are removed. 


This Sulfite-Process produces a steel with more 
uniform physical properties than ordinary resul- 


phurized steel. That means fewer rejections and a 
better finished product. Most important of all, 
Wisconsin Sulfite-Treated Steel is far more ma- 
chinable than ordinary steel with a minimum 
effect on physical properties. 


These steels and Wisconsin’s alloy steels are 
designed for your specific requirements. We also 
have complete facilities for annealing, heat-treat- 
ing and cold drawing. Consult our sales and 
metallurgical staffs for complete information. 


WISCONSIN STEEL COMPANY, affiliate of 
INTERNATIONAL HARVESTER COMPANY 


INTERNATIONAL 
MARVESTER 


180 North Michigan Avenue, Chicago 1, Illinois 


WISCONSIN STEEL 
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TRIPLE-TRIP 


Product of protection 
Westinghouse 
Electric Corp 


Breaker 


The Westinghouse "F"’ Frame Circuit Breaker is a 3-pole 
type so designed that when a fault occurs on any one of the three 
lines, all three contacts open and current flow stops. The Trip Bar is 
made common to all three lines, and each line is protected by a 
complete set of circuit breaker components, including a magnetic 
trip element and a Chace Thermostatic Bimetal trip element. One of 
the desirable features of this protective device is the exclusive 
“DE-ION" Arc Quencher for fast, sure circuit arc extinction. 


The versatile Chace Bimetal action is best suited to tem- 
porary overloads —with relatively long delay on light overloads and 
short delay on heavy overloads. When a sustained overload is on the 
circuit the current heats the Bimetal Trip Element (A) causing it to flex 
toward the low responsive side in the direction of the load terminal. 
The Latch (B) slides off the Transfer Arm (C) which pivots under pres- 
sure of its spring, pressing down the Trip Bar (D), causing it to rotate 
and release the Trip Actuating Arm (E). This allows the Trip Toggle 
Mechanism (F) to operate and open the contacts. Arc interruption is 
aided here by "DE-ION” Arc Chutes (G). The magnetic action (H) causes 
“snap-action” and the instantaneous breaking of short-circuit currents. 


If the actuating element for your new control device is 
thermostatic bimetal, Chace is equipped and qualified to fabricate 
it ready for assembly. Our 29 types are also available in strips, 
coils, random long lengths and welded or brazed sub-assemblies. 
We invite you to consult with our application engineers—recognized 
authorities on temperature responsive devices. Write for our 64-page 
reference on the selection and design of thermostatic bimetal elements. 


W.-M. CHACE CO. 
Theumostalic Bimetal 


1626 BEARD AVE., DETROIT 9, MICH 
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Influence of 
Surface Condition 


(Continued from p. 170) 
rather than of seme. tue upper 
part of Fig. 2 may explain this for 
A and B. The cooling rate over 
the entire cooling range for the 
steel with salt layer lies above the 
curve for the scaled steel. 

Hardness tests thus confirm the 
conclusions drawn from prelimi- 
nary tests with iron spheres. In 
addition they show that the change 
of cooling rates, caused by different 
surface conditions, may increase or 
decrease the surface hardness of 
the steel. 

Tests with iron spheres as well 
as quenching experiments show 
that when the quenchant cools by 
conduction and convection only, 
the nature of the surface does not 
influence the rate of heat extraction 
and therewith of hardening effect. 
If the cooling effect of a quenchant 
is caused mainly by evaporation, a 
scale or salt layer may suppress 
vapor formation, and this throws 
doubt on conclusions based on 
cooling rates formerly obtained on 
the silver spheres. 

Vicron Pascuktis 


“Whiskers” on 
Metal Surfaces* 


7 TRACING trouble which first was 
reported about five years ago in 
connection with failures in channel 
filters used in carrier telephone 
systems, researchers found it to be 
caused by the filamentary growth 
of extremely small and fragile 
“whiskers” on the leaves of elec- 
troplated variable air condensers. 
While only about 2 microns in di- 
ameter, some ranged up to % in. 
long, mostly perpendicular to the 
metal surface and sufficiently con- 
ductive to cause a short circuit. 

The growths also appeared on 
cadmium-plated steel condenser 
leaves of military communications 
equipment during the early part of 
the war, but little investigative 
work has appeared on them. This 
led to an intensive research study 
by the Bell Telephone Laboratories 

(Continued on p. 174) 

* Abstract of “Filamentary Growths 
on Metal Surfaces — Whiskers”, by 
K. G. Compton, A. Mendizza and S. 
M. Arnold, Bell Telephone Laborato- 
ries, Murray Hill, N. J.; first pre- 
sented before National Association of 
Corrosion Engineers in New York 
and later issued as Monograph 1885 
in Technical Publications of the Bell 
Telephone System. 
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Here’s where LUMNITE* Concrete 


SAVED TWO WEEKS’ WORK 


Built to take the soaking heat of a continuous heat-treating furnace, this Heat-Resistant Concrete 
foundation was placed in 9 hours. Lumnite cement was used with pre-soaked Lelite aggregates. 


profitable story of this Heat-Resistant Concrete flue 
and foundation for a Wire Patent Furnace at John A. 
Roebling’s Sons, Roebling, N. J. Their superintendent 
reports substantial savings on the job. And small 
wonder. It is estimated that by conventional methods 
this job would have taken about 2 weeks more to 
complete! 


SIMPLE MONOLITHIC CONSTRUCTION is naturally faster 


than laying up thousands of small units. And Lumnite 
Concrete reaches service strength in 24 hours or less. 
That cuts outage time on both Heat-Resistant and 
Refractory jobs. Moreover, upkeep costs are low be- 
cause Lumnite Concrete withstands severe thermal 
shock, resists corrosion and abrasion, and, with suit- 
able aggregates, takes heat to 2600°F. 


POURED MONDAY ...READY TUESDAY—That’s the short, WHETHER YOU NEED Heat-Resistant, Refractory or In- 


sulating Concrete, you can make it quickly, easily and 
economically with Lumnite calcium-aluminate cement 
and the proper aggregates. It has a proved time- and 
cost-saving record for flues and furnace foundations, 
and for door linings, car tops, base pads, foundry 
floors, stack linings and many other installations. 


FOR CONVENIENCE you may prefer to buy prepared 


Castable mixes. These packaged mixtures of Lumnite 
and selected aggregates are tailor-made to meet your 
specific temperature and insulation requirements. Add 
only water. They’re made by refractory manufacturers 
and sold through their dealers. For more information 
write: Lumnite Division, Universal Atlas Cement 
Company (United States Steel Corporation Subsidiary) , 
100 Park Ave., New York 17, N. Y. 


*** LUMNITE” is the registered trade mark of the calctum-aluminate cement mcnufactured by Universal Atlas Cement Company. 


LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 


“THE THEATRE GUILD ON THE AIR" — Sponsored by U.S. Steel Subsidiaries—Sunday Evenings—NBC Network 
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PIPE and TUBING 


may be realized by installing a low- 
cost Yoder Cold-Roll-Forming, Elec- 
tric-Weld Tube Mill. Cold or hot 
rolled strip is fed continuously into 
the mill, coming out as finished pipe 
or tubing, automatically cut to length. 


Furnaces and other expensive heat- 
ing equipment are entirely dispensed 
with, greatly reducing not only the 
initial investment, but also labor, 
maintenance and fuel cost. The only 
fuel needed is current for welding 
purposes, a negligible item of cost. 


Mill speeds up to 400 feet or more 
per minute are practical. One oper- 
ator and a helper will produce from 
20,000 to 100,000 feet per 8-hour 
day, in sizes up to 3” od. For larger 
sizes, though speed is slower, tonnage 
production is greater. 


You have the choice of electric re- 
sistance, induction and arc weld- 
ing. Only Yoder offers you this wide 
choice. Yoder engineers are at your 
service in explaining the advan- 
tages of these respective types of 
welding and in determining the 
type best suited to your individual 
needs. Literature and further 
information for the asking. 


THE YODER COMPANY 
5595 Walworth Ave. © Cleveland 2, Ohio 


Resistance 
Weld 
TUBE MILLS 
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“Whiskers” on 
Metal Surfaces 


(Continued from p. 172) 
in which over 1000 test specimens 
of different metals, solid and 
plated, and exposed under a variety 
of environmental conditions, were 
studied. This work has not yet 
been completed, but interesting pre- 
liminary data have been assembled. 

The phenomenon has been ob- 
served primarily on zine, cadmium 
and tin coatings. The whiskers of 
zine and cadmium were found to 
be single crystals with a_ close 
packed hexagonal structure, ori- 
ented with an ortho-hexagonal axis 
parallel to the long axis of the 
fiber. Tin whiskers appeared to be 
tetragonal and to be twinned. 

An environment of neither high 
humidity nor one contaminated by 
organic material is necessary, be- 
cause the whiskers have developed 
under conditions normally consid- 
ered dry and free of contaminant. 
While at first suspected, electro- 
plating in itself is not the cause of 
the growths, since they appeared 
on specimens coated by other meth- 
ods and on solid metal. 

For a given metal, whiskers 


generally developed first and to a 
greater extent on thinner coatings, 
this being noticed with regard to 
hot dipped coatings as well as 
plated coatings and wedge-shaped 
electrodeposits. Residues of elec- 
trolytes used to prepare specimens 
for plating were ruled out as 
causes, since the whiskers appeared 
on solid metal and also on metal- 
coated paper and mica where no 
cleaning was involved. 
Transformation of the individual 
metal to a more stable form does 
not seem a likely explanation, par- 
ticularly in the case of tin where 
neither heat treatment nor working 
greatly affected the whisker growth. 
In answer to the question as to 
why such growths have not been 
encountered in the past and why 
there is such a limited amount of 
information available on them, it is 
suggested that the fragility of the 
filaments may be the explanation. 
Slight mechanical shock, air cur- 
rents or a moderate electrical po- 
tential remove the microscopic fuzz. 
Time required to grow the 
whiskers was established to vary 
widely, depending upon enrivon- 
mental conditions and ranging 
from a few weeks to two years. 


A. H. ALLEN 


Sintering Furnace 


Model HOU-84134-HH-28, 50 KW 


SPECIFY HARPER ELECTRIC FURNACES 
FOR YOUR HEAT TREATING NEEDS 


Shown above is a Harper controlled ee sintering furnace 


temperature. 


39 River St., Dept. 7 


being used in the metallurgical laboratory o 
metal products manufacturer. 
part in the developing and control testing of powdered metal parts 
used in their production. 

The manufacturer selected a Harper Sintering furnace because of 
its versatility as a research unit; because it has flexibility of tem- 
perature and ability to 


a well known powder 
arper furnace plays a major 


rovide accurate control of atmosphere and 


They particularly like its dependable, efficient perfor- 
mance resulting in low-cost operation. 

Write us your heat treating requirements and Harper Engineers 
will be glad to recommend furnaces to meet your exact needs. 


HARPER ELECTRIC FURNACE CORPORATION 


Buffalo 2, N. Y. 
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with our compliments... 


this new engineering data book on thermocouples 


You need this up-to-the-minute 56-page 
edition of Bristol's famous book if you're 
involved with thermocouples and pyrom- 
eters of any kind. It’s free for the asking. 
Here's what you get in its three, fact-packed 
sections .., 


1. You get a User's Manual...filled with data 
you'll constantly refer to for the right ther- 
mocouple and protection tube for every 
purpose. Included are tables, charts, etc., 
on Factors Affecting Thermocouple Life, 
Corrosion and Poisoning, Thermocouple 


Reproducibility, Proper Location and In- 
stallation of Thermocouples, etc. 


2. You get a Buyer's Guide...a complete 
catalog listing assembled thermocouples 
and replacement parts for all standard in- 
stallations (special uses, too) . . . with full 
specifications, prices, illustrations so han- 
dily indexed ordering’s a cinch. 


3. You get Thermocouple Calibration Data 
... complete, easy-to-use tables of calibration 
data for all commonly used base-metal and 
rare-metal thermocouples. 


The dependable 
of 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 


THE BRISTOL COMPANY 
106 Bristol Road 
Waterbury 20, Conn. 


Please send free book on Bristol Thermocouple and 
Pyrometer Accessories. 


NAME. 


COMPANY. 
ADDRESS_ 


ciry_ 
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Salt does things for Steel, too 


There’s nothing like a salt bath to bring out the best qualities 
when heat treating steel . . . to make sure you get the full physical 
properties metallurgists put in the metal at the start. 


But using the right salt is essential for precision heat treating. 
Many a metalworking plant like yours is getting accurate control 
of temperature . . . within 5° F. either way . . . by specifying the 
Houghton salt bath developed for the job. 


And they’re getting such accuracy fast. The heat transfer rate 
in molten salt is much more rapid than when atmosphere furnaces 
are used. 


Why not take advantage of Houghton’s 85 years of experience 
—to improve your own heat treating operations? The knowledge 
gained by working closely with heat treaters over the years will 
be willingly shared with you. And our research files are always 
available when you ask the Houghton Man for help. 


Metalworking and Textile Processing Products - Lubricants - Packings - Leather Belting 
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Ready to give you 
on-the-job service ... 


Case Hardening Problems Are Rare 
among users of Houghton “‘Perliton”’ 
. . . the liquid salt bath carburizer 
with a “blanket” of carbon over the 
bath surface which prevents surface 
oxidation. If you want faster car- 
burization and more uniform parts, 
try “Perliton.” 


Neutral Salt Bath Works Wonders in 


uniform heating for hardening. No 
tendency to decarburize when 
Houghton “Liquid Heat” is cor- 
rectly used. This efficient salt effec- 
tively controls damaging “‘atmos- 
phere” around the work—by simply 
eliminating all atmosphere. No 
scaling. No oxidation. Parts stay 
clean. 


High Speed Steel quenched at high 
temperature ranges calls for Hough- 
ton liquid salt baths developed for 
the precision heat treatment re- 
quired, It will pay you to consult 
the Houghton Man for the product 
that best fits your specific appli- 
cations. 


For Interrupted Quenching . . . etimi- 
nating quench cracks, distortion and 
dimensional changes use Houghton 
Mar-Temp Salt. Its low melting 
point gives you the extreme fluidity 
at low quenching temperatures 
(400°-600° F.) needed for good 
results. 


Houghton Pioneering in metalworking 
and processing fields has resulted in 
a vast amount of helpful production 
data. Whatever your heat treating 
problems, ask the Houghton Man 
or write to E. F. Houghton & Co., 
Philadelphia 33, Pa. 
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Leading heat treating furnace builders built much of their reputations on the 
performance of mechanical furnaces equipped with Q-Alloy and X-ite chains, 
roller rails, rotary hearths, carburizing retorts, linkage-type hearths and other 
mechanism. In this field, General Alloys excels in — my for design and 
function, in Metallurgy and casting quality, and, particularly, in service ren- 
dered per dollar cost. A bit higher first cost is obvious. 


Users point to records of from one hundred te five hundred per cent longer life 
of G.A. furnace mechanism. Experience, in fact good common sense, clearly 
indicates that the most functional and longest life furnace parts are a sound 
investment, a “must” in Defense production. Top quality alloy is the best pos- 
sible insurance against shut-downs (which can offset the “saving” on “cheap” 
alloy a hundred-jfold). 


Advances in pyrometry and controls, and in furnaces generally, often permit 
mediocre alloy parts to “get by” for the length of the furnace guarantee. Thus, 
it is understandable that furnaces sold on price are not equipped with G.A. 
products. Furnace builders make less frequent sales of alloy replacement parts 
when G.A. supplies the a equipment. Some consider that they will bene- 
fit in the long run by supplying their customers long-run G.A. alloy. Too, many 
customers don’t come back for a second dose of mediocre alloy. 


A esee pest of G.A. business is replacing “original” alloy furnace components 
produced by others with engineered G.A. components. Design improvements 
are always possible (for he who supplies “mediocre” alloys usually cuts corners 
in design and pattern cost). 

Trays, fixtures, shoes, hangers, etc., and all “high temperature too ” which 
is not attached to, and goes in and out of, furnaces, as transport for the parts 
being treated, are not furnace pore. They should be individually designed for 
the job by the people who make them and stand behind them with “factory” 
engineering service. The service expectancy of such tooling doesn't start and 
stop on a drafting board. The integration of design with metallurgy, advanced 
casting techniques, controls and inspection is essential to maximum functional 
and economic performance. 


G.A. experience and achievement in casting research and ae oy is unique 
and outstanding. Its results are evident in superior products. is fact is re- 
ceiving increasing recognition. 

High temperature tooling is becoming more compler, requiring genuine engi- 
neering. Weights, warpage and waste, and frequent repairs in service, that 
used to get by, are no longer acceptable. G.A. engineering prestige, advanced 
over 34 years, is no accident. You can rate us yourself with this simple ques- 
tion: “ yen consider that a better product or engineering service is else- 
where obtainable?” H.H.H. 


(The roller rails shown were part of many rail designs tested at M.1.T. a dozen years ago. From continu 
ing tests of this type on all high temperature mechanism, we can authoritatively design, specify furnace parts 
and mechanism for new furnaces, or as replacement—from a background of unequalled experience.) 


GENERAL ALLOYS COMPANY 


Offices in principal cities BOSTON, MASS. 
Oldest and largest ex-lusive manufacturer of heat and corrosion resistant alloys. 
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LO-HYDROGEN 
ELECTRODE 


Insures Low-Hydrogen Welds 
Against Defects Caused by 
_____ Moisture-Laden Shielding 


@ Keeps Low Hydrogen Electrodes Truly Low Hydrogen. 


@ ARIDAIR Intake Breather (Patent Pending) chemically de- 
hydrates incoming air; Only Moisture Free Air enters. 
@ Chimney Type Ventilation — Electrodes always sur- 
rounded by Moving, Heated, Dry Air. 
® Dehydrating Chambers limit depth of electrode piles to 
1.25” to improve dehydrating efficiency. 
@ Temperature Thermostatically Controlled — Adjustable 
from 250° to 600°F. 


Immediate Shipment on D.O. Rated Orders 
Specify 110 or 220 Volt Current. 


MANUFACTURER 


Blueweld Model 400 S.E.A. Stabilizers may be 


6 w est w ISCONS IN AV E vr stacked or grouped to meet varying capacity 


requirements. Each unit individually heated — 
MILWAUKEE 3, WISCONSIN. capacity readily and economically adjusted. 
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Incoloy® is the newest member of 
the Inco High-Temperature Alloy 
family. It was developed as a 
companion to Inconel® and is per- 
missible for use in applications 
described in NPA Order M-80, 
Schedule C. 


Like the other INCO Nickel 
Alloys, Incoloy is on extended 
delivery because of defense de- 
mands. So it will pay you to antic- 
ipate your needs well in advance. 


The International Nickel Company, Inc. 
67 Wall Street, New York 5, N.Y. 


When ordering, be sure to give 
NPA rating and complete end- 
use information. 


When you want assistance on 
heat-resisting uses, Inco’s High- 
Temperature Engineering Serv- 
ice is always ready to help you. 
Write for a High-Temperature 
Work Sheet on which you can 
outline your problem for their 
attention. 
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INCO 


MISCO 


for Bright Annealing » Normalizing » Heat Treating Furnaces 
STRONG - ACCURATE 


+ SOUND - 


MISCO CENTRICAST FURNACE ROLLS 
are made by welding pairs of end trun- 
nions to centrifugally cast tubes. They are 
available with smooth cast finish or with 
bodies machined or ground to a high 
degree of accuracy. The rolls illustrated 
are 6.125” O.D. finish ground x 15’- 0” 


overall length. Material: 18-8. Operating 
temperature 1200°F. Hundreds of Misco 
Centricast rolls of various types are giving 
dependable service at temperatures up to 
2050°F. Whenever you need high tempera- 
ture rolls send your orders to Misco. Misco 


Centricast furnace rolls will serve you better. 


ALLOY CASTING DIVISION 
Michigan Steel Casting _ 


1998 GUOIN STREET - 
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HONEYWELL SUPPLIES MAN 


E. W. MorGansTERN, Honeywell Supplies Man in 
the Chicago area, helps check stocks of Brown re- 
corder charts at Sinclair Research Laboratories . . . 
where the HSM Plan assures wise buying and bal- 
anced inventories of all pyrometer supplies. 


You'll be pleasantly surprised when you, too, learn 
how this plan can add new convenience and econ- 


@ Data 


Brown charts are made of paper specifically designed for clear, dependable 
a a . . . precisely calibrated for accurate recording. Planned buying . . . 
the HSM way . . . eliminates possibilities of di 

caused by excessive storage time. 


ge or shrinkage often 


omy to your pyrometer supplies purchasing! 


There’s a Honeywell Supplies Man near you . . . at 
your local Honeywell office . . . as near to you as 
your phone. Call him in today . . . let him show you 
how the HSM plan can work in your plant. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., In- 
dustrial Division, 4503 Wayne Ave., Philadelphia 
44, Pa. Stocking points in Philadelphia, Cleveland, 
Chicago, Atlanta, Houston, Los Angeles and 
San Francisco. 


Honeywell 


Fouts Controls 


Write for new Pyrometer Supplies Buyers’ Guide No. 100-4 
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forthe handling 
of all materials 
ENGINEERED 


ASHWORTH BROS., INC. 


METAL PRODUCTS DIV. WORCESTER, MASS, 


Beficlo + Chattanooga * Chicage * Cleveland * Detroit 
Sales Engineers located in New York + Philadaiphia Pimburgh Seattle 
Canadian Rep., PECKOVER'S LTD. . Toronto . Montreal . Holifax . Winnipeg . Vancouver 


HEAT TREATING 


Foreman for expanding 
heavy machinery manu- 
facturer with steady in- 
dustrial market. Must 
have experience in salt 
bath treatment processes 
for varied cost and 
forged machine parts. 
Permanent for right par- 
ty. Send complete data, 
including photo. 


The Eimco Corporation 
P. O. Box 300 
Salt Lake City 10, Utah 


ELECTRIC MELTING 
FURNACE 


... as ever, the dependable furnace for the 
production of high-grade stainless, alloy 
and rimming steels. 


Removable roof of new design now avail- 
able for the larger furnaces. 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL COMPANY 
General Offices: 525 William Penn Place, Pittsburgh, Pa. 


Contracting Offices in New York, Philadelphia, Chicago, 
San Francisco and other principal cities 
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*DONT WAIT...” 
.Handy Guide COOPERATE! 


The U.S. Needs Your * 
to Spark Testing > _ Steel 
Now 
Tool and Die Steels! 


Here's all the information you need on Spark Testing to quickly identify standard tool and die steels. 
This new, 20-page Carpenter Guide to Spark Testing will help you . . . 


1. Separate mixed tool steel stocks. 


2. Double-check the type of steel before starting to make a tool or die, 
and before heat treating. 


3. Segregate tool steel scrap for salvage. j Y 


To help conserve steel and avoid heat treating errors 
that are costly in time, labor and money, put Carpenter's 
new Spark Testing Guide to work in your plant. 
This guide is offered free to tool steel users. 

For your copy, clip and mail coupon, now. 
THE CARPENTER STEEL COMPANY, 

133 W. Bern St., Reading, Pa. 


Individual spark diagrams on 
Carpenter Matched Tool and 
Die Steels plus effect of 
various elements on spark 
characteristics, are clearly 
described in this new guide. 
Instructions are also given for 
Spark Testing procedure; 
effects of wheel speeds and 
grain size, dressing the wheel 
and pressure required. 


CLIP AND MAIL... TAKE ADVAN- 
TAGE OF THIS OFFER, NOW e 


| MATCHED TOOL & DIE STEELS }aam 
Export Department : Carpenter Steel Co., Reading, Pa.—““CARSTEELCO” ciy... ONE STATE 


(Please Print) 


To help us get this guide to you personally, be sure to include your 
title and Compony nome. 


Mill-Branch Warehouses and Distributors in Principal Cities Throughout 
the U.S.A. and Canada . 
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YOUR HELP NEEDED 


to get in the 


a 


At current steel production rates, 50% MORE SCRAP is needed 
than in the peak year of World War Il. The shortage is so real 
that steel company representatives are calling on every company 
in the country to find ways of relieving the situation. 


Heres How YOU can help 


7) Take a fresh look at your own plant 
_O« scrap and salvage activities. 


Call in your dealer—sell your scrap— AAGUWY/ ~ HOw: / 
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A PARTNERSHIP 


165 WEST WACKER DRIVE 
METALLURGICAL 


and economy in the production 
AB Speed Press, complete $440.00 long exacting experiment, with 
THE SPECIMEN PREPARATION EQUIPMENT INCLUDES . . . CUT-OFF MACHINES © SPECIMEN MOUNT 
«PRESSES «POWER GRINDERS @ DISC GRINDERS © HAND GRINDERS © BELT SURFACERS MECHANICAL 
‘AND ELECTRO POLISHERS © POLISHING CLOTHS © | POLISHING ABRASIVES. 
Buehler Ltd. 
: 
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No ugly rust stains 
or wobbly joints 
when you use ALCOA 


Aluminum fasteners 
For Fine 


Metallographic Specimens 


This metallographic polisher has three spindles 
set in a table 28” by 63”. The three speed 
spindles have individual torque-increasing 
V-belt drives. The polisher is complete with 
two faucets and monel wash bowls. Cat. No. 
53-474 sells for $800.00. Request Bulletin 90 
showing all models of Eberbach metallographic 
polishers. 


SCIENTIFIC 
INSTRUMENTS 
Q Q £-0PPORATUS 
CORPORATION 


ANN ARBOR. MICH. 


«BUZZER Gas BURNERS 


For Many Industrial Gas Uses 
on NO BLOWER or POWER NECESSARY 

Alcoa Aluminum ++. just connect to gas supply 

Screws, Bolts, Nuts, 


Washers and Rivets are 


the most economical 

quality line of corrosion- 

resistant fasteners. Manufacturers 

with government-authorized pro- 
duction orders assembling aluminum 
should use Alcoa Aluminum Fastenings. 


ALUMINUM COMPANY OF AMERICA, + 1925D Gulf Building, Pittsburgh 19, Pa. 
Designed to solve numerous Industrial Gas ap- | 
plications, “BUZZER” — are 
Fasten Aluminum with || torge variety of models available. 


Send for the “BUZZER” Catalog showing complete line of 
Furnaces other 


‘Alcoa Aluminum Fasteners Industrial Ges Burners, ond ether equipment. 
= IT NOW” with Edward R. Murrow brings the world CHARLES A. HONES, INC. 


to your armchair... CBS-TV every Sunday * 3:30 PM EST 


123 So. Grand Ave. Baldwin, L.I.,N. ¥ 
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~ IF THE STOCK IS FLAT 


MICRO-POLISH 


can automatically finish your job faster, 
better or cheaper regardless of size, shape 
or material. 


Murray-Way, “engineered-to-the-job ", Micro-Polish equip- 
ment is now being used the country over in every type of 
application, on every conceivable kind of material. 
Micro-Polish is an amazingly versatile and consistently suc- 
cessful automatic polishing method useful on any job from 
the prepolishing of low grade steel sheet, to meet high 
quality job specifications, to the production sharpening and 
polishing of pruning tools. 

Micro-Polish can precision finish any size, shape or length 
of sheet, strip or blanked stock in ferrous or non-ferrous 
metals, wood, fiber, plastic, rubber or leather, by wet or 
dry process. 


The typical Micro-Polish equipment shown here demon- 
strates how Murray-Way engineers have adapted the process 
to individual job requirements. 

A Micro-Polish giant used in reclamation grinding of steel strip. 
One of our smoller units used in polishing narrow bi-metal stock. 


A versatile unit using belt conveyor to polish o variety of fiat stamp- 
ings and forgings. 


grades of belt grain p Pp job without rehandling. 


Murray-Way engineers will gladly show you how this time ond 
cost saving 


AY THE MURRAY-WAY CORPORATION 
POST OFFICE BOX 180~ BIRMINGHAM, 


AUTOMATIC POLISHING, BUFFING, GRINDING EQUIPMENT 
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STEWAR] 


THE BEST INDUSTRIAL FURNACES MADE sis 


ELECTRIC FURNACE BRAZING OPERATIONS 


At WARNER GEAR DIVISION, Borg-Warner Corporation, Muncie, Ind. 


os 
+ 


Requirements Can be Met 
Quickly with Proven 
Sunbeam Industrial Furnaces 


Charge and side view of Sunbeam Electric Copper Brazing furnace for copper brazing control arms. This brazed assembly, consisting of a number of machined 
and stamped parts, is used as a single unit, both in its heot treatment and further handling. 


To provide a union that would be of sufficient strength while allowing 
thorough visual inspection with ease of application—and still be 
adaptable for subsequent heat treatment— Warner Geor copper 
braze various control arms used on their newly designed torque con- 
verter. Pieces vary in sizes and shapes from offset control arms 
weighing about 2 Ib. and 32” across to small 12” x 1/2” ratchets 
and cams weighing less than 3 oz. 

This Sunbeam unit has a useable heating space 5’ long by 1’ wide 
with a 12” wide by 12’ charge vestibule. A water jacketed cooling 
chamber (1’ x 12’) cools the work in a protective atmosphere. 

With slight modifications, this Sunbeam furnace can be used for 
both annealing and copper brazing high alloy and stainless steels. 

_— 3 Availability of this equipment as a continuous production unit varies 
A 1'x12' water jacketed ae om spe fee re work in ~ from 50 Ibs./hr. up to 1000 Ibs./hr. Flexibility of this furnace enables 
designers to utilize the simplicity in design and manufacture of 
finish to the work while eliminating decarburization. brazed assemblies. 


IF YOU ARE CONSIDERING DEFENSE WORK CALL SUNBEAM. Designs are available for heat treating the following materiel: 
SHELLS: 57MM; 75MM; 90MM; 105MM; 120MM; 155MM; ARMOR PIERCING SHOT (Harden, Quench and Draw). 
3”, 5", 6", 8” Navy Shells (Harden, Quench and Draw). CARTRIDGE CASES (Annecl, Stress Relieve). 
FORGINGS: Rotary Hearth and Pusher-type Forging Furnaces. MACHINE GUN CLIPS (Harden, Quench and Drow). 


Sunbeam JET AIRCRAFT and TANK PARTS ‘ 
STEWART INDUSTRIAL FURNACE DIVISION of cfunbeim CORPORATION 


(Formerly CHICAGO FLEXIBLE SHAFT CO.) 
Main Office: Dept. 108, 4433 W. Ogden Ave., Chicago 23—New York Office: 322 W. 48th St., New York 19—Detroit Office: 3049 E. Grand Bivd., Detroit 
Canada Factory: 321 Weston Rd., Se., Toronto 9 
A letter, wire or ‘phone coll will promptly bring you information and details on SUNBEAM industrial furnaces, either units for which plans are now ready or 
units especially designed to meet your needs. Or, if you prefer, a SUNBEAM engineer will be glad to call ond discuss your heat treating problems with you. 
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Whovosshh! Jet engines generate a 
powerful amount of heat . . . heat which, 
uncontrolled in flight, would cause disastrous 
metallurgical distortions within the delicately 
balanced engine. So the problem is... or 
rather was . . . how to provide a dependably 
accurate means of measuring exhaust tem- 
peratures so that the pilot might have control 
over how hot his jets get. 


And the answer? Special wiring harnesses 
running from engine to instrument panel... 
harnesses now made exclusively with Hoskins 
Chromel-Alumel thermocouple alloys. 


Yes, wherever durability and accuracy are 


required in a thermocouple . . . whether for 
jet engines or industrial furnaces . . . you'll 


Pp» 


MANUFACTURING COMPANY 


4445 LAWTON AVENUE, DETROIT 2, MICHIGAN 


find Chromel-Alumel right for the job. Ex- 
tremely durable . . . highly resistant to heat, 
corrosion, oxidation . . . guaranteed to register 
true temperature-E.M.F, values within speci- 
fied close limits. 


That's only part of Hoskins’ product picture, 
though. Other specialized quality-controlled 
alloys developed and produced by Hoskins 
include: Alloy 785 for brazing belts; Alloy 717 
for facing engine valves; special alloys for 
spark plug electrodes; Alloy 502 for heat 
resistant mechanical applications. And, of 
course, there’s Hoskins CHROMEL .. . the 
original nickel-chromium resistance alloy used 
as heating elements and cold resistors in 
countless different products. 


Heating slements made of 
Hoskins Chrome! detiver full- 


Het stuff for het jobs! 
Hoskins Alloy 502 is 
suited to 


| 
rated power their 
long and useful life 
4 
: 
Sparks fly better, tast 
Jonge: in today s spurt plugs 
- orn 
re 
structural 


Accurate Temperature Reading 
Cuts Costs — Reduces Waste! Wanted 


ENGINEERS and SCIENTISTS 


Unusual opportunities 


vee « NEW PYRO Cost Low for outstanding and experienced men. 


These top positions involve preliminary and production 
Surtoce Pyrometer design in advanced military aircraft and special weapons, 


Here's goed for plants ond including guided missiles. 

tories who've told us they wanted a low- 

cost, rugged instrument that will give immediate spurns" include: 

accurate surface and sub-surface tempera- Electronic project engineers 

ture readings under all operating condi- Electronic instrumentation engineers 

tions. The NEW PYRO Surface Pyrom- Radar engineers 

eter is quick-acting and fool-proof . - ‘ 

no special experience needed to operate it. Flight test engineers 

Big 4” dial. Catalog No. 180 gives full Stress engineers 

particulars. Aero- and thermodynamicists 
Servo-mechanists 


wa DIATION PY mM Electro-mechanical designers 
instantly — in heat eo seen Electrical installation designers 
treating furnaces, kilns, ; Weight control engineers 
- forgings and fire boxes. 
No thermocouples, Excellent location in Southern California. Generous 
lead wires or accessories needed! Tempera- allowance for travel expenses. 
ture is indicated on direct-reading dial ata 
button. it. Write today for complete information on these essen- 
tory needs. Write for FREE Catalog No. 100. Just sight it.. experience and training. Address inquiry to Director of 
and press the bution! Engineering, 


The Pyrometer Instrument Company Ine. 
Plast end NEW JERSEY Hawthorne (Los Angeles County), Cal. 
and Surface for over 25 years 


Tests that Assure Accurate Data 


“A furnace that makes it possible to as- 
sure accurate results in tensile, creep and 
stress-rupture tests of alloys at high tem- 
peratures.’ That is the report of many 
research engineers using Marshall tubu- 
lar furnaces, With this furnace, heating 
chamber can easily be kept at uniform 
temperature over the length of the speci- 
men. Specimens can be accurately tested. 


MARSHALL 


FURNACES AND 
FURNACE RACKS 


The Marshall Furnace Rack holds from 
one to six tubular furnaces. The height 
of Rack is adjustable, and moving tur- 
maces from rack to testing machine is 


quick, easy operation. This Rack saves 
time and eliminates delays in tensile 
tests of alloys. A necessity where speed 
in testing is desirable. Write for data. 


MARSHALL PRODUCTS CO. OF 
270 W. Lone Ave. Columbus 2, 
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Robert M. Fisher, of United States 
Steel, viewing the image of a shadow- 
cast collodion replica of a polished 
and etched surface of steel—in the 
RCA Electron Microscope. 


This remarkable picture shows size and 
distribution of carbides in a specimen of 
fine pearlite—clearly resolved by the RCA 
Electron Microscope. Magnification is 
24,000 diameters! 


Says United States Steel Research: 


"Since the properties of steel depend 
in very large measure on size and dis- 
tribution of the carbides, one of our 
greatest uses for the Electron Micro- 
scope is the study of occurrence of 
carbides too small to be resolved by 
the optical microscope!” 


Here is an instrument that can produce 
images at direct magnification from 500 


to 23,000 diameters. (With the built-in 
camera, you can photograph specimens 
for enlargement up to 100,000 diameters.) 
You can resolve detail 20 to 100 times 
finer than the best light microscope, and 
bring every level of the specimen into 
sharp focus. And, by means of an electron 
diffraction adapter (supplied with the 
microscope), you can obtain both trans- 
mission and reflection diffraction patterns. 


For more information, simply write 
Department 72D, Scientific Instruments, 
RCA Engineering Products, Camden, 
New Jersey. (In Canada, write RCA Victor 
Company Limited, Montreal.) 


RCA SCIENTIFIC INSTRUMENTS FOR INDUSTRY 


RADIO CORPORATION of AMERICA 
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Gas Fired and Electric Sintering Furnace, 60 long 


Know How 
and Proved 
Performance 


We have built many outstanding production furnaces 
for sintering a wide variety of ferrous and non- 
ferrous metal powder products—for bonding 
metal powder to strip and other processes. 


Trayloads of Cleon, Uniform, Finished Parts Leave This 


EF Gas Fired. Furnace — Continuously and Automatically 


Gas -Fired, Oil- Fired 


a WILSON ST. ot PENNA. R. R. 


Smoll EF Hond Operoted Pusher Type Electric. 


Suitable for Experimental and Smal! Productior 


EF Gos Fired Cylindrical Muffle Continuous Furnace for 


\ Sintering Nonferrous and iron Powder Parts 


products producers 


Extensive experience and complete engineering and 
mahufacturing facilities enable us to build the best size 
and type for any requirement. Put your production 
furnace problems up to experienced engineers—it pays. 


Available in Sizes to Meet Many Requirements 


and Electric Furnaces 


for any Process, Product or Production 
THE ELECTRIC FURNACE CO. 
- 


» Runs 
lp a. of 
for metal powder 
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“Dag” Colloidal Graphite 
Resists Heat... Reduces Friction 


in Hot Metalworking Operations 


In deep piercing, casting, forging, stretch-forming and 
wire drawing operations, ““dag”’ colloidal graphite disper- 
sions assure a smooth product and reduce die wear . . . insure 
smooth surfaces and clean parting . . . minimize scaling and 
sticking ... reduce tearing and rippling . .. and assure uniform 
wire diameters. This unusual lubricant reduces friction and 
withstands temperatures much in excess of those common to 

metalworking operations. 


“Dag” colloidal graphite is electric furnace graphite that has 
been specially processed to subdivide it into particles of micro- 
scopic size. When “dag” colloidal graphite is applied to the 
friction surfaces of metal it leaves a lubricating film so thin that 
even the most sensitive gages cannot detect it. The film is many 
times more durable than an oil film. It provides the metal with a 
graphoid surface that has an extremely low coefficient of friction, 
that resists oxidation, and that will function at temperatures far 
above the burning point of oil. 


The uses of “dag” colloidal graphite for all metalworking 
operations are explained in a recent bulletin available with- 
out obligation. Write today for Bulletin No. 426-10D. 


. .. also ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 
Units of Acheson Industries, Inc. 


